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SUMMARY
The work ou tlined  in th is  thesis was conducted between October 
1977 and September 1980 and is  p r im a r i ly  concerned with the 
synthesis o f e l l i p t i c in e  d e r iva t ive s , which materia ls show promise 
as po ten tia l an ti tumour agents.
At the time work commenced there was a need to develop an 
improved method o f preparation fo r  the s ta r t in g  material which is  
fundamental to the e l l i p t i c in e  synthesis favoured by workers at 
Bath. This synthesis is  recognised as a v e rs a t i le  route to  a 
v a r ie ty  o f d e r iva t ive s , but so fa r  an e f f ic ie n t  preparative method 
fo r  the s ta r t in g  material - a py r idy le thy l indole - has not been 
found. A lte rn a t ive  s tra teg ies are discussed here.
The next section deals w ith the preparation o f some new 
deriva tives  o f e l l i p t i c in e  substitu ted in the 5-position w ith a 
va r ie ty  o f functiona l groups, and h ig h ligh ts  some o f the drawbacks
o f the known method which had previously not been encountered.
13The C nuclear magnetic resonance spectrum o f e l l i p t i c in e
is  discussed a t some length in re la t io n  to  the apparent reg io-
s p e c i f ic i t y  o f the reaction in  which i t  is  formed, and spectral
data are compared w ith those o f other workers. As y e t ,  the 
13assignment o f C chemical s h i f t  values remains f a i r l y  em pir ica l, 
but from comparison w ith model compounds a new in te rp re ta t io n  
o f the e l l i p t i c in e  spectrum has been proposed.
F in a l ly ,  attempts to prepare 6-methyl-and 10-hydroxy-deri- 
vatives o f e l l i p t i c in e  are described, the f i r s t  o f these invo lv ing 
a new synthetic  route and a lte rn a t ive  methods o f preparation of 
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I N T R O D U C T I O N
INTRODUCTION
The a lka lo ids  e l l i p t i c in e  ( la ,  R=H) and 9-methoxyellipticine(lb,R^OCHg)
are GHkpyrido [4 ,3 -b ] carbazoles which were f i r s t  iso la ted by Goodwin,
Smith and Horning^ from the leaves o f  the p lant Ochrosia e l l i p t i c a
L a b i l l .  I t  is  now known th a t these natural products and s t ru c tu ra l ly -
re lated compounds are to be found in other p lants , in p a r t ic u la r
from the Aspidosperma, Ochrosia and Tabernaemontana genera o f  the
2
fam ily  Apocyanaceae .
These a lka lo ids  and some o f th e i r  de riva tives are o f  special
3
in te re s t  because they show promise as po ten tia l an ti-cancer drugs .
This has stimulated a considerable e f f o r t  to synthesise new 
analogues and de riva tives  o f  6Hkpyrido[4,3-b] carbazoles fo r  






Despite considerable e f fo r ts  during recent years i t  remains 
sadly true th a t cancer is  s t i l l  one o f the major causes o f death. 
During 1975, in  England and Wales malignant diseases accounted 
fo r  some twenty-one per cent o f a l l  deaths. In the same period 
m o rta l i ty  due to cardiovascular diseases was nearly fo r ty  per cent, 
but since the beginning o f  the century the death rate due to cancer 
has been s tea d ily  increasing. These f igu res re f le c t  the e f fe c t iv e ­
ness with which other forms o f fa ta l  disease have been combatted 
w ith advances in medical science, but as yet the treatment o f 
cancer has seen no dramatic breakthrough.
Cancer treatment is  complicated by the fa c t  tha t i t  is  not a 
s ing le  disease. The word cancer is  an all-embracing term which 
describes a number o f  disease processes a ffe c t in g  m u lt ic e l lu la r  
organisms. The common c h a ra c te r is t ic  o f these processes is 
the apparently uncontro lled m u lt ip l ic a t io n  and spread o f  abnormal 
forms o f c e l ls  w ith in  the organisms.
In essence three therapeutic weapons are ava ilab le , namely 
surgery, radiotherapy and chemotherapy, although much excitement 
has been generated recently  in the f ie ld  o f immunotherapy. The 
fa c t  tha t surgery s t i l l  holds pride o f place is  embarrassing to 
some who fee l tha t th is  is  an admission o f fa i lu re .  Nevertheless, 
in many manifestations o f the disease, excision o f the malignant 
growth o ffe rs  the best, and often the on ly , hope o f a cure. To 
be most e f fe c t iv e  surgery should be carried out before métastasés, 
or secondary growths, occur and fo r  th is  reason early  diagnosis is  
advantageous. One o f the major arguments against surgery is  the 
b e l ie f  tha t the operation i t s e l f  may be responsible fo r  spreading 
the disease to d is ta n t parts o f the body by dislodging malignant 
c e l ls  and perm itt ing them to be transported through the body by 
means o f  the c irc u la to ry  system. In p a r t ic u la r  th is  may give r ise  
to métastasés in organs which have an espec ia lly  r ich  blood supply, 
such as the l i v e r ,  kidneys or lungs.
Radiotherapy is  s t i l l  the second most widely used form of 
cancer treatment and has been successfully employed since the early  
years o f th is  century. The tumour and i t s  immediate surroundings 
are exposed to ion is ing  rad ia t ion  which may be generated by a 
va r ie ty  o f sources. The rad ia t io n  k i l l s  both malignant and
normal c e l ls ,  but i t s  le tha l e f fe c t  is  seen only by those c e l ls  
which are undergoing d iv is io n .  I t  is  not necessarily true to 
say tha t malignant c e l ls  d iv ide  more frequently  than normal c e l ls .  
Certain types, such as bone marrow c e l ls  which manufacture the 
c e l ls  o f the blood, and those which l in e  the walls o f the d igestive 
t ra c t  are exceptional because they d iv ide  frequently . In general, 
however, normal c e l ls  w i l l  only d iv ide  when ca lled  upon to  replace 
others which have d ied, or during growth processes. Cancer c e l ls  
have somehow lo s t  the a b i l i t y  to  recognise th a t fu r th e r  d iv is io n  is 
unnecessary and i t  is  th is  fa i lu r e  which leads to tumour growth. 
Radiotherapy has no special se lec t ive  e f fe c t  upon malignant c e l ls ,  and 
consequently there is  always associated damage to healthy tissue 
in the v i c in i t y  o f the tumour. Fortunately healthy c e l ls  recover 
more qu ick ly  from rad ia t ion  doses which are near- le tha l and are 
able to repa ir  damage during interm issions between repeated periods 
o f radiotherapy. Cancer c e l ls  which are damaged but not k i l le d  
may then be knocked out by a subsequent exposure before they are 
able to carry out the necessary re pa ir  work.
Chemotherapy is  the la te s t  add it ion  to the e f fe c t iv e  forms o f 
treatment o f  malignant disease but i t  su ffe rs  from the same l im i ­
ta t ions  as radiotherapy in th a t healthy and cancer ce l ls  a l ike  
are both damaged by the treatment. I t  is  fo r tun a te , then, tha t 
healthy c e l ls  are able to recover, a t leas t in  pa rt ,  from a near- 
le tha l dose o f a chemotherapeutic agent. Despite these drawbacks, 
much hope fo r  the fu tu re  rests w ith chemotherapy, since i t  seems 
certa in  tha t some essential d iffe rences e x is t  between the v i t a l  
processes o f  the cancer c e l l  compared w ith  those o f the healthy 
c e l l .  When these d iffe rences are recognised the long-awaited 
spe c if ic  anti-cancer drug becomes a real p o s s ib i l i t y ,  as i t  should
be feas ib le  to design a drug which d isrupts the v i ta l  processes of 
cancer c e l ls  w ithout d is tu rb ing  healthy ones.
The c e l l  cycle in  cancer chemotherapy:
One o f the major goals o f current work in cancer therapy is  
to  determine the best possible scheme o f treatment fo r  a given 
drug, or combination the reo f, w ith  respect to dose leve ls and 
in te rva ls  between courses. The in te n t ion  is  to k i l l  disseminated 
cancer c e l ls  a t a fa s te r  rate than they can be replaced, fo r  long 
enough to ensure tha t th e i r  number is  reduced to zero, and above 
a l l  w ithout over-dosing the host.
5
Awareness o f the concept o f  the ce l l  cycle has done much to 
c la r i f y  the mechanism o f action o f ce r ta in  chemotherapeutic agents 
and th is  in  turn has led to improved design o f treatment regimens.
S
Non -  dividing cells
Figure 1. The c e l l  cycle o f  mammalian c e l ls
Certain c e l ls  continuously move around the cycle; others 
leave temporarily  and enter a res ting  phase, here represented 
by Go; f i n a l l y ,  other c e l ls  leave the cycle permanently and 
die w ithout fu r th e r  d iv is io n .
The c e l l  cycle is  defined as the in te rva l between the mid­
po in t o f  m itos is  o f a ce l l  and the midpoint o f the subsequent 
m itosis o f  one or both daughter c e l ls .  At the completion o f 
m itosis (M) the c e l l  spends a var iab le  period o f time in  a resting  
phase G-j, during which enzymes required fo r  DNA synthesis are 
assembled. This accumulation implies tha t the c e l l  is  committed 
to d iv ide  a t some fu tu re  time. An unknown signal stimulates the 
c e l l  in to  RNA synthesis and prote in  synthesis, which is  ra p id ly  
followed by DNA synthesis (S). Thus the G-j/S in te rface  is  not 
well defined. Drugs which bind to  or incorporate in to  DNA may 
be le tha l to  c e l ls  in  the la te  Ĝ phase since a f u l l y  functiona l 
DNA template is  required fo r  RNA tra n s c r ip t io n .  Such materia ls 
include e l l i p t i c i n e  ( la ,  R=H), ethidium bromide (2) and actinomycin 
D(3)^. In h ib i to rs  o f  p ro te in  synthesis show th e i r  a c t iv i t y  in the 
la te  G-j phase, or G-j/S, examples being cycloheximide (4 ) ,  puromycin 
(5) and a lk y la t in g  agents such as methylmethanesulphonate (6 ).
In a normal c e l l  cycle la s t in g  between sixteen and fo r ty
hours, the phase o f  DNA synthesis spans a duration o f some s ix
to twelve hours. Some drugs administered during the M or G-j
7 8phases may be retained long enough to act during the S phase * . 
Lethal S phase in h ib i to rs  are reported to be numerous, and include 
the in te rc a la t in g  drugs daunomycin (7a, R=CHg), adriamycin 
(7b, R^CHgOH), ethidium bromide and actinomycin D. Agents 
which are incorporated in to  DNA or in te r fe re  w ith the biosynthesis 
o f  nucleotides, such as 5 - f lu o ro u r id in e  (8b, R=R), methotrexate 
(9) and the tu b u l in -a c t iv e  agents v in c r is t in e  (10a, R=CHO) and 
v inb la s t ine  (10b, R=CHg) also show th e i r  a c t iv i t y  here.
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The Gg phase usually  only extends fo r  a b r ie f  period o f  time, 
often less than two hours, and immediately precedes m itos is . For 
the m a jo r ity  o f c e l ls  the M phase is  also comparatively short.
I t  has been speculated^ th a t a surve il lance mechanism is  in oper­
ation throughout the Gg phase which recognises c e l ls  bearing 
a lte red DNA, and tha t abnormal c e l ls  are retained in  a non-viable 
state u n t i l  the damaged DNA is  repaired, when they are returned to
the cycle. Substances reported^ to be le th a l ly  tox ic  to c e l ls  
in the phase include the f lu o r in a te d  pyrimidine 5 - f lu o ro u ra c i l  
(8a, R=H) and DNA - reactive  drugs l ik e  mitomycin C (11) and 
adriamycin. Each o f these compounds is  also le tha l during the 
M phase, as well as actinomycin D, e l l i p t i c in e ,  v inb las t ine  and 
various a lk y la t in g  mustards (12). These phase-specific a c t iv i t ie s  
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11 12
Many consider th a t cancer chemotherapeutic agents such as 
these are not in themselves le th a l agents^^, since they are substances 
which in h ib i t  c e l l  growth ra ther than exerting a purely cytocidal 
e f fe c t .  The pyrim idine analogues such as 5 - f luo rou rac i l  
(8a, R=H) are an ti-m etabo lites  which in h ib i t  the incorporation 
o f pyrim idines^^. S im i la r ly ,  methotrexate (9) is  a f o l i c  acid 
antagonist which blocks a pathway in the intermediary metabolism 
through competition fo r  the enzyme binding s i te  in fo la te  reductase. 
This substance normally converts f o l i c  acid in to  an intermediate 
which is  essentia l fo r  the biosynthesis o f the nucleic acid bases 






















5-F lu o ro u rac il 
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5-Fluorourid ine  
Methotrexate (e a r ly )  
Mitomycin C 
Vinblastine (la te )
Figure 2. The c e l l  cyc le , showing where phase-specific an ti tumour 
agents exert th e i r  le th a l e f fe c t^
The a lk y la t in g  agents, o f  which nitrogen mustard (12), or 
mechlorethamine, is  probably the most i l l u s t r a t i v e  example, are among 
the o ldest cancer chemotherapeutic agents and perhaps th e i r  mechanism 
o f action is  more re a d i ly  understood. W hilst i t  is  true tha t 
enzymes may be destroyed by a lk y la t io n ,  th is  is  not thought to 
be the primary action o f  the administered drug, since one o f the 
e a r l ie s t  observations was the s im i la r i t y  between the e ffec ts  of 
X-rays and nitrogen mustards, both o f  which lead to d is rup tion  o f 
the nuclear materia l in  the c e l l .  Thus i t  becomes c lea r tha t 
these substances in h ib i t  c e l l  growth and p ro l i fe ra t io n  because 
they a lky la te  the nucle ic acids, and in p a r t ic u la r  they have been
10
12shown to react w ith guanine at pos it ion  7 . The presence of the
a lky l group on the nucleo-protein then completely destroys i t s  
func tion .
The mode o f action o f other drugs is  less w e ll-de fined.
7 8W hilst tes ts  have shown ’ th a t e l l i p t i c in e  is active  throughout a l l  
phases o f  the ce l l  cyc le , and p a r t ic u la r ly  so during the M and G-j 
phases,the mechanism by which th is  is  achieved is  not e n t i re ly  
c lea r. Like many other substances having a planar s truc tu re , e l l i p ­
t ic in e  is  believed to in te ra c t  w ith DNA by in te rc a la t io n ;  thereby
13d is to r t in g  i t s  s truc tu re  and dim in ishing i t s  function . Waring 
describes three such modes o f action fo r  certa in  an ti-m icrob ia l 
drugs, some o f which also f in d  use as antitumour agents fo r  the 
same reason.
The fa c t  tha t e l l i p t i c in e  is  an in te rc a la t in g  drug is
beyond question since th is  type o f in te ra c t io n  manifests i t s e l f  by
inducing measurable changes in a number o f parameters. In
p a r t ic u la r ,  a large increase in v is c o s ity  is  observed, and X-ray
d i f f r a c t io n  shows tha t although the close-range stacking o f the
base-pairs in  DNA is unimpaired, the longer range ordering or super-
c o i l in g  o f the molecule is  lo s t .  This is  re f lec ted  by changes
in  the so-called unwinding angle^^.
The s ize , p la n a r ity  and the arc-shaped form o f e l l i p t i c in e
molecules are believed to be p a r t ic u la r ly  favourable cha rac te r is t ics
fo r  DNA in te rc a la t io n .  The s p e c if ic  e le c tron ic  configuration
is  also important because th is  determines the magnitude o f the
energy o f in te ra c t io n . In some way the ideal drug must be a
mould o f  the cav ity  formed in DNA when two adjacent base-pairs become
15disengaged due to the dynamic s truc tu re  o f  DNA . I f  the 
e lec tron ic  ch a ra c te r is t ics  o f the drug material are favourable, i t
11
may become bound to th is  s i te  through hydrogen bonding with appro­
p r ia te ly  positioned base-pairs o f the DNA sp ira l or i t  may be secured 
by covalent bonding brought about by secondary chemical reaction 
in s i t u . Thus 9-m ethoxye ll ip t ic ine  is  believed to undergo in vivo 
conversion to the form i l lu s t r a te d  in Figure 3.
H3C0
Figure 3 . The s truc tu re  o f 9 -m ethoxye ll ip t ic ine  in the l iv in g  ce l l
Le-Pecq and his colleagues^^ have quan tif ied  the DNA binding 
a f f i n i t y  o f a number o f e l l i p t i c in e  de riva tives  in an e f f o r t  to 
ra t io n a l is e  the s t ru c tu re /a c t iv i ty  re la t ion sh ips . As a re su lt  of 
th is  work they synthesised 9 -h yd ro xye l l ip t ic in e  and demonstrated 
tha t i t  has a high a c t iv i t y  against the murine L1210 leukaemia 
and a low t o x ic i t y  at therapeutic dose leve ls . Their resu lts  are 
summarised in Table 1.
In so lu t ion  a t physio log ica l pH 7.4, e l l i p t i c in e  derivatives 
e x is t  in  both neutral and protonated forms. Under these conditions 
the apparent DNA binding çonstant, which is  the measured value, 
is  dependent on the respective f ra c t io n s  o f the protonated and 
neutral forms. In other words the apparent binding constant,
Kŷ p, is  proportional to the pK^ o f  the molecule. In order to 
study other fac to rs  a f fe c t in g  the DNA a f f i n i t y ,  the binding a f f in i t y  
o f the c a t io n ic  form o f the drug, K^+, must be considered on i t s  own.
12
since th is  is  independent o f pK . In general the value o f K̂ + is  
about t h i r t y  times greater than the DNA a f f i n i t y  o f the neutral 
form. Then i f  pK »p H , the apparent binding a f f i n i t y  approximates 
to the binding a f f i n i t y  o f  the protonated drug m ateria ls .
Table 1. DNA-binding a f f i n i t y  and pharmacological a c t iv i t y  fo r  
some e l l i p t i c in e  de r iva t ives !?  ~
El 1ip t ic in e  
substituen t pK K (pH 7.4) AP
log Kg+ Unwindingangle A c t iv i ty
6-Isopentyl 4.7 <10^ 6.3 , 8.8®- 0
6-Isopentyl-9-methoxy 4.5 <10* 6.7 - -
5,11-didemethyl 6.35 1.0x10* 5.08 - 0
11-Demethyl 6.3 2.4x10* 5.52 - 0
9-Methoxy 6.8 1.0x10® 5.7 6.8 90
Unsubstituted 9.1 1.5x10® 5.7 9 94
9-Bromo 6.1 4.0x10® 6.92 0^' 0
6-Methyl 6.1 4.0x10® 6.92 10.2 92
9-Amino 9.8 1.2x10® 6.08 4 0
6-Methyl-9-methoxy 6.45 2.0x10® 7.3 5 50





These compounds are inso luble a t pH 7.4. Log K̂ + is  deduced from 
measurements o f  K-n made a t pH 5.0.
Measurement made a t pH 5.0.
9-Bromoel1ip t ic in e  does not in te rc a la te .
The pharmacological a c t iv i t y  is  expressed as the percentage 
o f L 1210 c e l ls  k i l le d  by one th i r d  o f  the LD^q.
From measurements to determine the a b i l i t y  o f e l l i p t i c in e  
deriva tives to  compete w ith  the binding o f  ethidium bromide in  DNA, 
the French workers derived the fo llow ing  expression fo r  the apparent 
DNA binding constant:
log K.p = log Kp+ -  log (1 + ) + log (1 +
a ru+T[HT] [H' ]
13
Here K^-1 is  the d issoc ia tion  constant o f the equ il ib r ium  between 
protonated and neutra l forms o f the drug, and q is  the ra t io  of 
the DNA binding constants o f  the protonated and neutral forms.
Regrettably the compounds tested by the French team are 
i l l u s t r a t i v e  o f the d i f f i c u l t y  w ith which e l l i p t i c in e  deriva tives 
are synthesised. In order to es tab lish  a re la t io n  between the DNA 
re a c t iv i t y  o f e l l i p t i c i n e  deriva tives  and th e i r  anti-cancer 
properties i t  is  necessary to  undertake a thorough study o f a large 
number o f  compounds, both active  and ina c t ive . In p a r t ic u la r ,  
i t  is  important to  consider what type o f metabolic m odifica tions, 
i f  any, may be tak ing  place. The s ign if icance  o f in v ivo modifica­
t io n  is  i l lu s t r a te d  in the tab le  by 9-aminoel1ip t ic in e ,  which is 
inac tive  against L1210 c e l ls  although i t  has a higher a f f i n i t y  fo r  
DNA than e l l i p t i c i n e  i t s e l f .  C learly  DNA binding a f f i n i t y  alone 
is  not a s u f f ic ie n t  c r i te r io n  fo r  anti-tumoural a c t i v i t y ,  but i t  is  
probably a necessary cond it ion .
In the succeeding pages synthetic  e f fo r ts  towards e l l i p t i c in e
deriva tives  are b r ie f l y  reviewed. A more comprehensive treatment
o f the synthesis o f  6H-pyrido [4 ,3 -b ] carbazoles in general may
19be obtained from a study o f the review by Sainsbury .
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Synthesis o f e l l i p t i c in e  d e r iv a t iv e s :
The f i r s t  synthesis o f  e l l i p t i c in e  was carried out by Woodward,
20lacobucci and Hochstein , immediately fo llow ing i t s  is o la t io n  by 
Goodwin e t a l \  This method served to determine the s truc tu re  of 
the a lk a lo id ,  but w h i ls t  i t  is  a simple and d ire c t  route (see 
Scheme 1), i t  is  o f l i t t l e  synthetic  value since the overa ll y ie ld  
o f the product is  poor. Condensation o f indole and 3-acety lpyrid ine 
in acetic  acid in the presence o f  zinc ch lo ride  y ie lds  1 ,1 -b is -  
(3 - in d o ly l )  -  1 -  (3 -p y r id y l)  ethane (13). This 2:1 product is  a 
bulky molecule which is  c le a r ly  a poor substrate fo r  the ensuing 
reductive acé ty la t ion  procedure which is  carr ied  out w ith zinc 
in  re f lu x in g  ace tic  anhydride. This process leads to a s te r ic a l ly  
hindered dimeric species which then undergoes d isproportionation  
to  give unchanged s ta r t in g  materia l and the d ihydropyrid ine (14).
The e f f ic ie n c y  o f th is  sequence is  fu r th e r  diminished by the f in a l  
ox ida tive  r ing  closure step which requires severe p y ro ly t ic  conditions 
to remove the add it iona l indo ly l u n i t .  E l l ip t ic in e  is  thus 
obtained in only 2% y ie ld .
I t  was some three years la te r  th a t a second synthesis o f
21e l l i p t i c in e  was published by Cranwell and Saxton . This method 
(see Scheme 2) was welcomed as a more v e rs a t i le  route employing 
less severe conditions and c e r ta in ly  more s te r ic a l ly  favourable 
substrates. I n i t i a l l y ,  1,4-dimethylcarbazole is  prepared from 
indole and 2,5-hexanedione. This undergoes formylation in  a 
Vilsmeier reaction to  give 3-form yl- l,4-d imethylearbazole (15) 
which is  condensed w ith  2,2-diethoxyethylamine to  y ie ld  the 
Sch iffs  base (16). Attempts to convert th is  d i re c t ly  to  
e l l i p t i c in e  using the Pomeranz-Fritsch technique proved unsuccess­
f u l .  However, the corresponding saturated acetal (17a) is  
re ad ily  cyc lised w ith dry hydrogen ch lo ride  to 1,2 -d ih y d ro e l l ip t ic in e
15
and the f in a l  dehydrogenation step is  carried out by heating with 
palladium on charcoal to give e l l i p t i c in e  in about 1.5% y ie ld  



































The po ten tia l o f th is  method was f i r s t  explored by Dalton's 
22team who rea lised tha t the f in a l  two steps o f th is  sequence 
could be avoided by using orthophosphoric acid to e f fe c t  d ire c t  
c y c l is a t io n  o f the azomethine (17a) to e l l i p t i c i n e .  By means 
o f th is  m od if ica tion  Dalton e t a l . were able to prepare e l l i p ­
t ic in e  in improved y ie ld s ,  as well as several other deriva tives 
va r ious ly  substitu ted about the indole skeleton. Unfortunately 
i t  is  found tha t e lectron - withdrawing groups in  r ing  A lead 
to a decrease in the amount o f r ing  closed product. Although 
electron - donating groups increase the y ie ld  o f  r ing  closed 
product, th is  also leads to the formation o f  a mixture o f formylated 
compounds and carbazoles may be iso la ted  which are formylated in
the A r ing  i t s e l f .  Nevertheless, as an i l l u s t r a t i o n  o f the
23v e r s a t i l i t y  o f th is  method, Elmes and Swan were able to prepare 
6-oxael1ip t ic in e  and re la ted heterocycles from 1,4-dimethyld i- 
benzofuran and corresponding s ta r t in g  m ateria ls .
A second v a r ia t io n  on Cranwell and Saxton's synthesis was
24devised by Guthrie and his co-workers , employing a m odification
of the Pomeranz - F r itsch  isoqu ino line  synthesis f i r s t  reported
25by B irch, Jackson and Shannon . Here the dihydroazomethine 
(17b), prepared in  the usual manner, gives the corresponding 
N-tosyl d e r iva t ive  (18) when reacted w ith  p-toluenesulphonyl 
ch lo ride  (see Scheme 3). Treatment o f  th is  compound w ith  hydro­
ch lo r ic  acid in dioxan re su lts  in  c y c l is a t io n  to e l l i p t i c in e  















Amongst the e a r l ie s t  reported syntheses o f e l l i p t i c in e  is
26tha t o f Govindachari, Rajappa and Sudarsanam . This m u lt ip le  
stage route (see Scheme 4) is  a wonderful example o f c lass ica l 
organic chemistry, but is  o f  l i t t l e  use as a general preparative 
method fo r  var ious ly  substitu ted deriva tives because o f the large 
number o f  steps involved.
The la t t e r  stages o f th is  scheme are s im i la r  in o u t l in e  to 
27Mosher's synthesis o f the isomeric a lka lo id  o livac ine  (19)
(see Scheme 5), which is  i t s e l f  a s l ig h t  m odification o f the
28method o f  Schmutz and Wittwer . A Swiss patent f i l e d  by 
29Wander describes th is  route in  much more general terms, allowing 
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30Early in 1973 a team o f French workers led by Le Goffic  described 
two new syntheses o f the 6H-pyrido [ 4 , 3 - y  carbazole system. In 
the f i r s t  o f these methods (see scheme 6) 2-ethylgramine (20a,
R=H) is  combined w ith  the enamine (21) by re f lu x in g  in anhydrous 
dioxan to give the (2 -e th y ls k a ty l) piperidone (22). C yc lisation 
o f th is  species is  brought about by re f lux ing  in  acetic  acid , 
and the f u l l y  aromatic 11-dem ethy le ll ip t ic ine  (23) is  obtained 
a f te r  débenzylation and dehydrogenation.
In t ry in g  to  synthesise e l l i p t i c in e  i t s e l f  by th is  method, 
a problem arose in the preparation o f the desired s ta r t in g  
material (20b, R=CHg). Attempts to obtain th is  from the reaction 
o f 2-ethyl indole w ith acetaldehyde and dimethyl amine were 
unsuccessful, re su lt in g  in products o f  the 1, l - b is - ( 3 - in d o ly l ) 










problem an a lte rn a t iv e  route was devised (see Scheme 7) in which 
the s ta r t in g  materia l (24), a methyl de r iva t ive  o f gramine, is  
prepared through the condensation o f  dimethylacetamide and indole 
under Vilsmeier-Haack cond it ions , w ith  subsequent reduction o f 
the re su lt in g  imminium s a l t  using sodium borohydride. This 
material is  reacted w ith  the enamine (21) to give the piperidone 
(25) and th is  in turn  is  combined with sodium acetyleiiide in l iq u id  
ammonia to give the acety len ic  alcohol (26). On treatment with 
formic ac id , 2-benzyl -1 ,2 ,3 ,4  - te trahydroe l1ip t ic in e  is  formed 
and th is  may be debenzylated and dehydrogenated to give the 
parent a lk a lo id  in  24% y ie ld  from indole.
In each o f  these schemes the major drawback is  the f in a l  
dehydrogenation step which may re s u lt  in de functiona lisa tion  
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In an attempt to overcome the problem o f formation o f  b is -
31indo ly l compounds, K ilm inster and Sainsbury reacted 3 -ace ty l-  
pyr id ine with oxindole to  give a 1:1 adduct (27) (see Scheme 8). 
This oxo-indoline is  a c tu a l ly  obtained as a mixture o f E - and 
1 -  isomers, and w h i ls t  th is  is  re a d i ly  converted to the dihydro 
de r iva t ive  (28) w ith sodium borohydride in  aqueous methanol, 
fu r th e r  reduction to the desired 3 - [ l - ( 3 - p y r id y l ) e th y l ]  indole 















As an a l te rn a t iv e  procedure, the use o f 1-acety lindol -3 - ol
acetate (30) and 4-acetyl -  3 -  (1-methoxyethyl) pyrid ine (31)
32 33as s ta r t in g  materia ls was proposed ’ (see Scheme 9). These 
are condensed under a nitrogen atmosphere in the presence o f 
methanolic potassium hydroxide to give 2 - {  1 - [3 - (1-methoxyethyl)-  
4 -p y r id y l ]  e th y l iden e}in do lin  - 3 - one as i t s  E- and Z- isomers 
(32 and 33) which are reduced w ith  sodium borohydride to the 
alcohol (34). This is  treated w ith  hydrogen ch loride in  ch loro­
form to give 2 - { l - [3 - ( l -m e th o x y e th y l) - 4 -p y r id y l ]  e th y l}  indole 
(35) by e lim ina tion  o f water. Cyc lisa tion  to 5 ,1 1 -d ihyd roe ll ip ­
t ic in e  (36) is  brought about by re f lu x in g  in  40% aqueous hydrogen 
bromide and oxidation to e l l i p t i c in e  is  spontaneous when the 


























In th is  synthesis, aromatisation o f  the d ih y d ro e l l ip t ic in e  
may be a troublesome step w ith  respect to ce rta in  9 -substitu ted  
el 1ip t ic in e s .  When the substituen t is  a good leaving group, the 
required product is  often contaminated w ith a considerable amount 
o f unsubstituted e l l i p t i c in e .  The ox ida tive  e lim ina tion  is  














A number o f 6H-pyrido [4 ,3 -b ] carbazole de riva t ives  bearing 
substituents in the A r ing  were prepared by Rastogi e t al. using 
a method published in 1972^^ (See Scheme 11). Here the key 
s ta r t in g  material is  2 -benzoy l- l,3 ,4 ,4a ,5 ,7 ,8 ,8a  -octahydro-6 
(2 H)-isoquinolone (38) which is  prepared from l-benzoy l-3 - 
ethoxycarbonyl-4-piperi done (37) and methyl v iny l ketone w ith 
subsequent hydrogenation o f the product. The octahydroiso- 
quinolone (38) is  converted to i t s  phenylhydrazone and th is  
undergoes a Fischer in d o l isa t io n  step, and fo l lo w in g  débenzoyla­
t io n  the product is  dehydrogenated to the f u l l y  aromatic 
de r iva t ive .
Scheme 11
26












35This method is  s im ila r  to tha t used by S t i l lw e l l  to  synthesise 
5 -dem ethy le l l ip t ic ine  and e l l i p t i c in e  i t s e l f .  In th is  route (see 
Scheme 12) the appropriate decahydroisoquinol-6-one (39) is  prepared 
by a reductive Stork a lky la t io n  [ef -1■methyl 4 piperidone]us ing 
iodomethane in the presence o f l i th iu m  in l iq u id  ammonia. Once 
again a Fischer in d o l isa t io n  reaction is  carr ied  out on the phenyl- 
hydrazone de r iva tive  to give 2 -m e th y l- l ,2 ,3 ,4 ,5 ,5 a , l l ,1 1 a  - octa- 
h y d ro e l l ip t ic in e  (40) which is  dehydrogenated to e l l i p t i c in e  by
27
heating with palladium on charcoal. The quoted y ie ld  here is  
only 0.3%, and w h i ls t  most o f the other steps in the synthesis 
work w e l l ,  the f in a l  dehydrogenation step c e r ta in ly  does not.
The same remark is  almost c e r ta in ly  true w ith respect to the 
Indian group's work ou tlined above, but th e i r  pub lica tion  does not 
mention the y ie lds  which these chemists obtained.
Scheme 12



























Of p a r t ic u la r  in te re s t  because o f th e i r  assumed s im i la r i t y  to 
the biosynthesis o f e l l i p t i c in e  are the methods devised by Potier
or O 7
et al. ’ wherein the penultimate r ing  closure step is  believed 
to proceed via an intermediate immonium ion such as (46) or (47).
In the f i r s t  method (see Scheme 13) the s ta r t in g  material (41a, 
R^SOg-C^Hg) is  prepared by the condensation o f  4-acetyl pyr id ine 
with l-p h e n y lsu lp h o n y l-2 - l i th io in d o le .  Iodométhylation o f the 
s ta r t in g  material gives the corresponding pyridinium s a l t  which is 
reduced to the te trahydropyrid ine  (42) w ith sodium borohydride.
This is  treated w ith potassium t e r t i a r y - butoxide in  dimethyl 
sulphoxide to give the dienamine (43) as i t s  and isomers.
This product is  heated in  ace tic  acid w ith the Mannich reagent 
formed by the condensation o f acetaldehyde and dimethylamine to give
2 -m e th y l- l ,2 ,3 ,4 - te tra hyd roe l1ip t ic in e  (44). E l l ip t i c in e  is  
obtained by treatment w ith palladium on charcoal in re f lu x in g  decal in
A lte rn a t iv e ly  the s ta r t in g  material is  hydrolysed to the indole 
(41b,R=H), and the methiodide s a l t  o f  th is  compound is  reduced 
with sodium borohydride in the presence o f  a large excess o f  
potassium cyanide to  give the cyanotetrahydropyridine (45).
The product is  then reacted w ith the same Mannich reagent to  give 
the immonium s a l t  (48) v ia  (46) or (47). Without is o la t io n ,  
th is  product is  reduced w ith  sodium borohydride to 2-m e th y l- l , 2,
3 ,4 -te trahyd roe l1ip t ic in e  (44)in 24% y ie ld  from the cyanide (45).
(See Scheme 14).
37In the th i rd  approach , the phenyhydrazone d e r iva t ive  (50) 
o f the ketone (49) is  subjected to a Fischer in d o l isa t io n  reaction 
which leads to the indole (51) (see Scheme 15). The N^^^^-oxide 


















cyc l isa t io n  to 2 -m e th y l- l ,2 ,3 ,4 ,5 ,11-hexahydroe llip tic ine (52) 
which may be aromatised d i r e c t ly  by heating with palladium on 
charcoal, or may be f i r s t  reduced to the octahydro de riva t ive  
using sodium borohydride p r io r  to  dehydrogenation. The y ie ld  
























Once again these methods f a l l  short o f  th e i r  synthetic  po tentia l 
because o f the poor y ie ld s  obtained in the f in a l  aromatisation step 
and, as mentioned prev iously , la b i le  substituents are l i k e l y  to be 
























38A team o f Japanese chemists led by Kametani have devised a 
"one-step" synthesis o f ce r ta in  6H-pyrido [ 4 , 3 - y  carbazoles, 
although i t  should be pointed out tha t the s ta r t in g  material is  
i t s e l f  the product o f a m u lt i-s tage synthesis. In a typ ica l 
example (see Scheme 16) 4-( l-hydroxyethyl)-3-hydroxym ethyl-2- 
methylpyridine (53) is  heated in 47% aqueous hydrobromic acid 


















indole w ithout is o la t io n  o f the intermediate to give o l ivac ine  
(19) in 30% y ie ld .  Of special in te re s t  here is  the re g io s p e c if ic i ty  
o f the reaction and the apparent ease, w ith  which the presumed 
intermediate d ihydroo livac ine (55) is  oxid ised to the f u l l y  
aromatic s truc tu re .
39In another e f f o r t  by Japanese workers e l l i p t i c in e  is  
synthesised from 3 - [ ( l - b e n z y l ) in d o ly l ]  methyl butyrate (56) in 
an overa ll y ie ld  o f 23% (see Scheme 17). Treatment o f  the s ta r t in g  
materia l (56) w ith the l i th iu m  s a l t  o f d ie thy l sulphoxide gives 
the sulphoxide (57) which is  cyclised to (58) by heating w ith 
t r i f lu o ro a c e t ic  acid . The product, which is  a c tu a lly  a mixture o f 
diastereoisomers, is  converted in to  (59) by treatment w ith t e r t ia r y -  
butyl 1i th ioace ta te  in toluene. On heating w ith p-toluenesulphonic 
acid in  a b o i l in g  mixture o f xylene and ethanol th is  is  converted to 
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methanolic ammonia containing sodium methoxide to give an amide
which is  converted to the n i t r i l e  (61) by heating with p-toluene-
sulphonyl ch lo r ide  in py r id ine . C a ta ly t ic  reduction with Raney
nickel and form ylation using acetic  formic anhydride gives (62)
which is  debenzylated w ith sodium in l iq u id  ammonia to give the
26known compound (63) (see Scheme 4). B ischler-Napiera lsk i 
c y c l is a t io n  is  carr ied  out using phosphoryl ch lo r ide  in re f lux ing  
toluene to give 3 ,4 -d ihyd roe l1ip t ic in e  (64) which is  heated with 
10% palladium on charcoal to y ie ld  e l l i p t i c in e .
Following the discovery tha t 9-hydroxyel1ip t ic in e  showed 
enhanced antitumour and antileukaemic a c t iv i ty ^ ^  in comparison 
to e l l i p t i c in e  i t s e l f ,  Martinez and Joule^^ attempted to synthesise 
other hydroxylated d e r iva t ive s . Their method o f  preparation o f 
5-hydroxy-2,6-d im ethy l-6H-pyrido [4 ,3-b ] carbazole (69) is  ou tlined 
in Scheme 18. The key intermediate (66) is  prepared from the 
pyr idy l indo ly l ketone (65) by protecting the carbonyl group 
through a cé ta l isa t io n ,  followed by N-methylation o f the indole 
and pyrid ine un its  w ith subsequent reduction using sodium boro­
hydride. This protected enone undergoes a Mannich reaction to 
give the indole 3-substitu ted  product (67) which is  then hydrolysed 
in 5M hydroch loric  acid a t room temperature to the unstable 
conjugated ketone (68). When th is  is  re fluxed in  degassed 50% 
aqueous ace tic  acid , the desired pyridocarbazole is  obtained, pre­
sumably v ia the ind icated intermediates. However, once again the 
te tracyc le  is  obtained in  a reduced form which requires vigorous 
ox idation to give the f u l l y  aromatic e l l i p t i c in e  d e r iva t ive .
In an e f f o r t  to  overcome th is  problem, Sainsbury, Webb and 
41 42Schinazi ’ devised a scheme using a su itab le  substrate a t the 












67, R'= CH2N(CH3)2 
R"= OCH2CH2O
^ C H 3
36
closure (see Scheme 19). Here 1 -ace ty l indo l-3 -o l acetate or a 5- 
substitu ted d e r iva t ive  thereo f, is  condensed with the tetrahydro- 
pyranyl pyr id ine (70) to give the e thy lidene indo lin-3-one (71) as 
i t s  £- and 1- isomers. The mixture is  reduced with sodium boro­
hydride, then treated w ith hydrogen ch lo ride  in chloroform to give 
the alcohol (72). Oxidation o f th is  compound w ith acetic anhydride 
in dimethyl sulphoxide gives the acetyl de r iva t ive  which immediately 

















Further developments o f th is  work led to an e n t i re ly  new route 
(see Scheme 20) incorporating an e f f ic ie n t  preparation o f 4 -ace ty l- 
pyr id ine  deriva tives  which superseded the reductive acé ty la tion  
technique used by Woodward in the o r ig in a l e l l i p t i c in e  synthesis.
In th is  method indolylmagnesium bromide is  reacted with 3 - ( l -  
ch lo roe thy l)  pyr id ine  (73) to give 3 - [ l - ( 3 - p y r id y l ) e th y l ]  indole 
(29). On treatment w ith acetic  anhydride and tr ie thy lam ine  under 
re f lu x  the N^^j-acety l de r iva t ive  (74) is  obtained which is  treated 
w ith 0-mesitylenesulphonyl hydroxylamine to form the amine s a l t .
This is  fu r th e r  treated w ith acetic  anhydride and, w ithout is o la t io n ,  
quarternised to the methiodide s a l t  (77) by re f lux ing  in excess 
iodomethane. In th is  form the 4 -pos it ion  o f the pyrid ine nucleus 
is  activa ted towards nuc leoph il ic  a ttack , w h i ls t  the 2- and 6- 
pos it ions are e f fe c t iv e ly  blocked by the substituent a t the 1- 
pos it ion . Reaction w ith  potassium cyanide under aqueous conditions 
gives the n i t r i l e  (78b) which may be de-acetylated by chromatography 
through a column o f basic alumina using chloroform as e luent. 
Treatment w ith methyl l i th iu m  gives the imine (79) which is  
hydrolysed w ith 20% aqueous ace tic  ac id , re su lt in g  in spontaneous 
cy c l is a t io n  and aromatisation to e l l i p t i c in e .  Subsequently, the 
scope and l im i ta t io n s  o f th is  method have been fu r th e r  explored by 
Sainsbury, D river and Matthews^^’ ^^.
45In ea rly  1977, Kozikowski and Hasan reported an a lte rn a t ive  
procedure fo r  the preparation o f the n i t r i l e  (78a) using a Diels - 
Alder reaction upon the oxazole (83) (see Scheme 21). The s ta r t in g  
material f o r  th is  sequence is  prepared from gramine by the action o f 
potassium cyanide and iodomethane, followed by dicarbomethoxylation 
using dimethyl carbonate and sodium methoxide in benzene. Further 
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removal o f  the N-carbomethyoxy group accompanied by C-methylation
to give the product (81). On hyd ro lys is , decarboxylation and
e s té r i f ic a t io n  th is  provides m e th y l-2 -(3 - in d o ly l)  proprionate
(82) which is  reacted w ith excess a - 1i th ia te d  methyl isocyanide
to give the oxazole (83). This undergoes a Diels - Alder reaction
with excess a c r y lo n i t r i le  in acetic  acid to give 3 - { l- [3 -(4 -cya n o )
p y r id y l ]  ethyl } indole (78a) in 16% y ie ld .  Conversion o f th is
compound in to  e l l i p t i c i n e  is  then achieved using the method o f





















The fa c t  tha t th is  method, invo lv ing  a c ruc ia l Diels - Alder 
reaction o f low y ie ld ,  is  considered competitive is  i l l u s t r a t i v e  
o f the in a c c e s s ib i l i ty  o f  e l l i p t i c in e  and i t s  de r iva t ive s . This 
p a r t ic u la r  route opens up the p o s s ib i l i t y  o f preparing analogues 
containing p e r ip h e ra lly  modified D rings since the opportun ity 
arises to  vary e i th e r  the a-metalTated i s o n i t r i l e  or the dienophile
employed in the Diels - Alder reaction .
46Bergman and Carlsson describe a very simple synthesis o f 
e l l i p t i c in e  in which 2-ethyl indole and 3-acetyl pyr id ine are reacted 
to form the e lusive 1:1 condensation product (84) (see Scheme 22). 
This is  converted to the N-alkylated d e r iva t ive  (85) which is  then 
pyrolysed fo r  a short period a t a very high temperature to  give 
e l l i p t i c in e  in a claimed 72% y ie ld .  The severe conditions fo r  
th is  f in a l  step ra ise severe doubts as to the v i a b i l i t y  o f  th is  















Several in te re s t in g  deriva tives  o f e l l i p t i c in e  arose from the 
work o f B isagn i's  group in France^^, although i t  should be pointed 
out tha t th is  m u lt i-s te p  synthesis resu lts  in only modest y ie lds  of 
the a lka lo id .  Of p a r t ic u la r  in te re s t  is  the inc lus ion o f a d ia lk y l -  
amino-alkylamino side chain a t the 1-p o s it io n ,  which is  expected to 
show enhanced antitumour a c t iv i t y  against the L1210 leukaemia in
40
mice . In th is  method (see Scheme 23) 4-methoxybenzenediazonium 
ch lo r ide  is  reacted w ith  4-methyl-1-morpholinocyclohexene in dioxan 
to give the phenylhydrazone (86) which undergoes c y c l isa t io n  under 
c lass ica l Fischer cond it ions. The dihydrocarbazol-l(2H)-one (87) 
is  converted to the corresponding hydroxymethylene compound (88) 
by treatment w ith  ethyl formate and sodium hydride. This is  
reacted w ith isopropyl iodide in dimethylformamide so lu tion  in the 
presence o f potassium carbonate to give the isopropyl ether (89). 
Treatment w ith a large excess o f  methyl l i th iu m  and subsequent 
hydro lys is re su lts  in  the dihydrocarbazole (90) which is  oxidised 
to the formylcarbazole (91) in a reaction w ith  manganese d ioxide.
The aldehyde is  condensed w ith malonic acid to give the a c ry l ic  
acid (92) which is  transformed in to  the azide (93) by treatment 
w ith ethyl/:h loroformate and sodium azide. Ring closure is  
carr ied out by b o i l in g  in diphenyl ether w ith tr i -n -b u ty la m in e , and 
the c h lo ro e l1ip t ic in e  (94) is  obtained by re f lu x in g  w ith phosphorus 
oxychloride. The f in a l  transformation in to  the l - ( 3 ,3 -d ie th y l -  
amino) propylamino d e r iva t ive  (95) is  brought about by re f lu x in g  the 
chloro compound w ith  the appropriate amine under an atmosphere o f 
dry n itrogen.
A much less complicated synthesis o f  e l l i p t i c in e  has been 
reported by Taylor and Joule^^ in which the alcohol (96) (see Scheme 
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then se le c t ive ly  acetalised using ethylene glycol and £-to luenesu l- 
phonic acid in re f lux ing  chloroform. The keto-acetal (98) is  de- 
benzensulphonylated by a lka lin e  hydro lys is and the new keto-acetal 
(99) is  condensed w ith methylenetriphenylphosphorane in b o i l in g  
tetrahydrofuran to give the alkene (100). C a ta ly t ic  reductive 
conversion o f th is  compound in to  the acetal (TOT) achieves the 
appropriate oxidation level and su b s t i tu t io n  pattern fo r  the forma­
tion  o f e l l i p t i c in e  by treatment w ith  d i lu te  hydrochloric acid under 
re f lu x .  This is  a v e rs a t i le  method o f  preparation since i t  allows 
fo r  the va r ia t io n  o f  the a lky l groups attached to the 5- and 11- 
pos it ions. The nature o f  the C-11 a lky l group is  determined a t 
the beginning o f the sequence since i t  arises in the s ta r t in g  
m a te r ia l,  whereas the C-5 a lky l group is  introduced much la te r  
by means o f a W it t ig  reaction .
50More recently  M i l le r  and Moock have reported yet another 
synthesis which is  qu ite  unique in th a t the B r ing  o f the parent 
a lka lo id  is  formed in  the la s t  step, but not by the usual Fischer 
in d o lisa t io n  technique (see Scheme 25). I n i t i a l l y  o-bromo-p- 
xylene is  reacted w ith 3-chloropropionyl ch loride in the presence 
o f aluminium ch lo r ide , followed by treatment w ith sulphuric acid 
to give the indanone (102). This is  reduced to  the indene (103) 
by treatment w ith sodium borohydride followed by dehydration in 
b o i l in g  ethylene glycol containing 10% aqueous sulphuric acid. 
Ozonolysis o f the indene gives an intermediate homophthalaldehyde 
which is  reacted w ith ammonium hydroxide w ithout p r io r  is o la t io n  
to give the desired 6-bromo-5,8-dimethyl isoquino line (104).
This product is  then coupled w ith an ace tan il ide  to give the 




















ary l isoqu ino line  amine (106). This product does not undergo 
photochemical r ing  c losure, but c y c l isa t io n  may be effected using 
one or two molecular equivalents o f palladium acetate in a mixture 
o f t r i f lu o r o a c e t ic  acid and acetic  acid. The authors claim only a 
modest y ie ld  o f 25% fo r  the f in a l  step,but the e n t ire  sequence is  
nevertheless reckoned to be competitive w ith other routes. Moreover, 
an attempt is  made to  maximise i t s  f l e x i b i l i t y  by keeping the A r ing 
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DISCUSSION
Preparation o f 3 - [ l - ( 3 - P y r id y l ) e th y l ]  indole (29):
Whilst i t  is  true  tha t the synthesis o f 6H-pyrido [4 ,3 -b ]
carbazole de r iva tives  v ia  3 - [ l - ( 3 - p y r id y l ) e th y l ]  indoles is  a
v e rsa t i le  m e t h o d , p r o b l e m s  s t i l l  remain to be solved in the
preparation o f the s ta r t in g  m ateria ls . In the past th is  was
carried out by condensing two equivalents o f indolylmagnesium
bromide (from indole and ethylmagnesium bromide) with one equivalent
o f 3 - ( l -c h lo ro e th y l)  pyr id ine  (73) in d ie thy l ether a t -10°,
51according to the method o f  De Graw et al . The re su lt ing  mixture 
was allowed to warm slowly to room temperature and was s t i r re d  fo r  
two days before ex tra c t in g  w ith  ice-co ld  d i lu te  hydrochloric acid. 
Over a series o f such preparations the y ie ld  o f 3 - [ l - (3 -p y r id y l  ) 
e th y l ]  indole averaged only 21%.
A s ig n if ic a n t  improvement in th is  f ig u re  was achieved when the 
ethereal suspension o f  indolylmagnesium bromide was homogenised 
by the add ition  o f  a l i t t l e  dichloromethane and when the product was 
exhaustively extracted w ith hot d i lu te  hydrochloric acid. Under 
these conditions the y ie ld  could be increased to 24%.
The length o f  time during which the reaction mixture was l e f t  
s t i r r in g  also a ffec ted the y ie ld .  In an e f f o r t  to  estab lish the 
re la t ion sh ip  here, several experiments were conducted in which the 
s t i r r in g  time was varied with a l l  other parameters remaining constant, 
I f  i t  was desired to  prepare 3 - [ l - ( 3 - p y r id y l ) e th y l ]  indole in  a 
s ing le day then i t  became necessary to cut the s t i r r in g  time down 
to about two hours. Under these circumstances the iso la ted y ie ld  
o f the product was a meagre 3%. Even a f te r  twenty-four hours the 
product y ie ld  was s t i l l  some way short o f the optimised value a t 11%.
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Longer periods o f s t i r r in g  did not appear to enhance the y ie ld  
s ig n i f ic a n t ly ,  even when the experiment was prolonged fo r  a week, 
but ne ither was any diminution observed.
This would seem to ind ica te  th a t the reaction is  an equ ilib r ium
process, and explains why the product y ie ld  increases when two mole-
52equivalents o f indolylmagnesium bromide are used , in accordance 
with the Law o f Mass Action.
The nature o f  the ta r ry  residue obtained when the reaction 
mixture is  s t i r re d  w ith  hydrochloric acid has never been f u l l y  
investigated. I t  is  assumed, however, tha t i t  is  la rge ly  composed 
o f polymeric materia l derived from 3-v iny l pyr id ine  and the hydrolysis 
products o f the unconsumed indole Grignard reagent. 3 - ( l -  
Chloroethyl) pyr id ine is  thermally unstable and, i f  prepared in 
advance, must be stored in  a re f r ig e ra to r  below -5°. Indeed, 
attempts to prepare the corresponding bromo compound have proved 
f u t i l e  because i t  decomposes by dehydrohalogenation as soon as 
i t  is  iso la ted . In a l l  p ro b a b i l i ty  the loss o f hydrogen ch lo ride  
from 3 - ( l-c h lo ro e th y l ) pyr id ine is  hastened under the conditions 
employed here because o f the b a s ic i ty  o f the Grignard reagent, 
v iz :
53Recent work in th is  labora tory has led to a fu r th e r  improvement 
in the preparation o f  3 - [ l - ( 3 - p y r id y l ) e th y l ]  indoles so th a t these 
compounds are now ava ilab le  in y ie lds  o f up to 30%. This has been 
achieved by carry ing out the reaction in f r e s h ly - d is t i l le d  dry
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te trahydro furan, ra ther than anhydrous d ie thy l ether. There is
much evidence to suggest tha t the choice o f solvent is  very impor-
54 55tan t in Grignard reactions ’ , re f le c t in g  the necessity to
solvate the various species present, fo r  they are not simply 
a lk y l -  or arylmagnesium cations and attendant halogen anions^^’ ^^. 
Even today there is  some doubt about the s truc tu re  o f Grignard 
reagents: Although they are commonly w r i t te n  as RMgX, where X
is  ch lo r ine , bromine or iod ine, i t  is  probable tha t they e x is t  in 
equ il ib r ium  w ith di-organomagnesium and magnesium ha lide , as shown 
below:
2RMgX ^  -  ^  RgMg + MgXg
Tetrahydrofuran is  a stronger base than d ie thy l e ther, and 
can more re a d ily  form coordination complexes with the organometallic 
species in so lu t ion . This has the e f fe c t  o f removing such 
compounds from the metal surface as soon as they are formed, 
thereby exposing a new surface fo r  fu r th e r  reaction . I t  has 
been suggested th a t the enhanced b a s ic ity  o f tetrahydrofuran 
resu lts  from the greater a c c e s s ib i l i ty  o f the lone pairs o f 
e lectrons on the oxygen atom. By s trong ly  so lva ting the organo­
m e ta l l ic  species, tetrahydrofuran e f fe c t iv e ly  s h i f ts  the e q u i l i ­
brium in  favour o f RMgX and th is  aids be tte r subsequent reaction.
I f  i t  is  assumed tha t the reaction o f  the pyr idy l halide 
is  o f the S| l̂ type, by analogy to the benzyl ha lides, then two 
competing processes may be envisaged:
a. Normal reaction at the indole 3 -pos it ion  to a ffo rd  the 
required product, or
b. E lim ination o f  a proton from the ca t io n ic  species to y ie ld
3 -v in y lp y r id in e  which may then polymerise.
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In an e f f o r t  to f in d  an a lte rn a t iv e  preparation o f 3 - [ l - ( 3 -  
p y r id y l )e th y l ] indo le , a tten tion  was focused on the ketone, indol 
-3 y l-3 -p y r id y l  methanone (111). Previous work in th is  laboratory^^ 
has shown tha t i t  is  possible to prepare th is  compound in 60% y ie ld  
from the condensation between indolylmagnesium bromide and n ico tinoy l 
ch lo ride  a t low temperature. However, one o f  the disadvantages o f 
th is  method is  th a t in order to maximise the y ie ld  o f the ketone, 
a 1.5 molar excess o f  indole is  required^^. Although th is  is  more 
favourable than the two mol e-equivalents o f  indole needed fo r  the 
reaction w ith 3 - ( l - c h lo ro e th y l ) p y r id ine , a method was sought which 
would be s t i l l  more economical w ith respect to  indole. This 
would enable e l l i p t i c in e  deriva tives bearing substituents in  the A 
r ing  to be more re a d i ly  synthesised.
59Fortunately an in te re s t in g  technique became ava ilab le  in  
which the pyrid ine moiety was derived from a re a d i ly  ava ilab le 
s ta r t in g  m a te r ia l,  in  th is  case 3-cyanopyridine. This compound 
was reacted with 1 , 2-diaminoethane by heating in  the presence o f 
a c a ta ly t ic  amount o f sulphur to give the dihydroim idazole(107).
This was s t i r re d  b r ie f l y  w ith ace tic  anhydride and then one molar 
equivalent o f the desired indole was added w ith  cooling to  give the 
im idazoline (108). Hydrolysis was achieved by treatment w ith , 
e thanolic  potassium hydroxide and the product was re c ry s ta l l is e d  
from ethanol in excess o f  70% w ith respect to the indole. The 
reaction scheme is  ou tl ined  over.
I t  should be noted here th a t the product (111) is  not a true 
ketone but a vinylogous amide and hence i t s  r e a c t iv i t y  towards 
nucleophiles is  d i f f i c u l t  to p re d ic t.  Nevertheless, in what was 
expected to  be a s tra igh tfo rw ard  reac tion , in d o l-3 -y l-3 -p y r id y l  
methanone ( 111) was dissolved in  anhydrous tetrahydrofuran
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and treated w ith  a so lu tion  o f methyl l i th iu m  in hexane. The 
i n i t i a l  experiment was conducted a t - 10° ,  a llow ing the reactants 
to warm up overnight.
The iso la ted  product was an impure, low-melting so l id  which 
exh ib ited two major spots on TLC in 2% methanol in  chloroform. 
Neither o f  these spots corresponded to the s ta r t in g  materia l and 
repeated attempts at re c ry s ta l l is a t io n  from a va r ie ty  o f solvents
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proved f u t i l e .  Chromatographic separation was also unsuccessful 
because the eluted material was in va r ia b ly  the same as the i n i t i a l  
m ixture. A second experiment conducted a t -78° also yie lded the 
same mixture o f products.
The expected product o f th is  reaction was the known compound, 
l - ( in d o l - 3 - y l  ) - l- (3 - "p y r id y l )ethene (110)^^’ ^^. The reaction is  
presumed to proceed via an intermediate formed by i n i t i a l  attack 
at the carbonyl centre by methyl l i th iu m :
C H n - r L i
- L i O H
110
S a tis fa c to ry  ‘ H nuclear magnetic resonance data could not be 
obtained fo r  the iso la ted m a te r ia l,  but in f ra  red and mass spectra 
were recorded. The mass spectrum shows the parent molecular ion 
at m/e 220, which is  two mass un its  less than the s ta r t in g  ketone. 
However, the fragmentation pattern does not compare well w ith the 
data recorded by the Swedish team fo r  pure (110). No fu r th e r  com­
parison was possible since the Swedes did not report an in f ra  red 
spectrum. The product iso la ted  a t Bath exh ib its  a band at 3150cm"\
ind ica t ing  tha t the indole N-H is  re ta ined, and also has v^^^=1620cm  ̂
which is  c h a ra c te r is t ic  o f the aryl-conjugated v in y l ic  C=C s tre tch .
In view o f the d i f f i c u l t y  encountered in  obtaining sa t is fa c to ry  
spectral data, i t  was decided tha t the best way to id e n t i fy  th is  
product would be to carry out the subsequent reaction step, which 
was a reduction process.
Treatment w ith sodium borohydride in  ethanol was the most 
f r u i t f u l  approach, but an inves tiga tion  o f  the reduction product by 
TLC ind icated tha t the iso la ted  material was a complex mixture and 
attempts to  p u r i fy  i t  by re c ry s ta l l is a t io n  only s l ig h t ly  improved 
i t s  p u r i ty .  Column chromatography proved equally unproductive.
Lith ium aluminium hydride did not appear to react w ith  th is  
material as the TLC evidence showed the reaction product to  be 
ide n t ica l w ith  the s ta r t in g  compound. Hydrogenation under a 
pressure o f  100 p . s . i .  using platinum oxide ca ta lys t was also 
attempted, but no change took place.
At th is  stage i t  was decided to  attempt a s l ig h t  m odification 
o f th is  approach, using’ a d i f fe re n t  substrate. In te re s t in g ly ,  
when the ketone ( 111) was treated w ith sodium borohydride in 
ethanol a t  temperatures below 10° ,  the alcohol ( 112) was formed, 
whereas a corresponding reaction w ith l i th iu m  aluminium hydride in  
anhydrous tetrahydrofuran returned unchanged s ta r t in g  m ateria l. 
C lear ly , since both o f these reagents act as vigorous nucleophiles, 
the observed d iffe rence in re a c t iv i t y  must be due to the solvent. 
Lithium aluminium hydride is  used in  ap ro tic  solvents so i t  would seem 
reasonable to  suggest th a t the formation o f  the alcohol from ( 111) 
might there fore  involve i n i t i a l  0-protonation in an aqueous medium. 








With excess sodium borohydride a t higher temperatures 
in d o l-3 -y l -3 -py r id y l methane (114) was formed. This 
reaction may be ra tiona lise d  by postulating the base-catalysed 
dehydration o f the alcohol (112) to the indolenine (113) which 






In view o f th is  i t  was hoped th a t the alcohol might react w ith 
an excess o f methyl l i th iu m , f i r s t l y  to  form the indolenine, and 






In p rac t ice , however, reaction o f the alcohol w ith methyl l i th iu m  
under various conditions gave only complex mixtures which could not 
be characterised.
Yet another approach to the problem o f synthesising 3 - [ l -  
(3 -p y r id y l)e th y l ] indole (29) in acceptable y ie ld  involved the 
conversion o f is a t in  (115) in to  a 3 -substitu ted indole such as






Previously th is  method has been seldom used^^ since i t  is  
considered to be somewhat time-consuming and the overa ll y ie lds  
are unsa tis fac to ry . However, some o f these disadvantages have 
been p a r t ly  overcome by in te g ra t ing  the steps^^, so tha t the 3- 
hydroxyoxindole de r iva t ive  is  reduced d i r e c t ly  w ithout is o la t io n .
Following Bergman's successful preparation o f  3 -(4 -py ridy l ) 
indole by th is  method, attempts were made to  prepare the correspon­
ding Grignard reagent o f 3 - ( l - c h lo ro e th y l ) pyr id ine (73) and 
react th is  w ith  is a t in .  Unfortunately the ha lo-pyrid ine  resisted 
a l l  e f fo r ts  to form the Grignard reagent, remaining unchanged even 
wher^odine was added to in i t ia te -  the reaction and when the reaction 
mixture was warmed to re f lu x  on a water bath. A second attempt was 
made by preparing the l i th iu m  organometallic de r iva t ive  o f the 
py r id y le th y l ch loride and th is  proved to be much more successful. 
Addition o f is a t in  and subsequent treatment w ith l i th iu m  aluminium
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hydride gave an orange o i l  which yie lded a buff-co loured so lid  on 
t r i t u r a t io n  w ith petroleum ether. However, inves tiga tion  o f th is  
compound indicated tha t the desired 3 - [ l - ( 3 - p y r id y l ) e th y l ]  indole 
had not been formed and i t  seemed most l i k e ly  th a t the intermediate 






Regrettably a s a t is fa c to ry  nuclear magnetic resonance spectrum 
could not be obtained fo r  th is  m a te r ia l,  owing to  the presence o f 
paramagnetic im pu rit ies . The compound could not be re c rys ta l l ise d  
and i t  was only possible to  obtain a so l id  sample by using the 
t r i t u r a t io n  procedure mentioned prev iously . However, in  i t s  
in f ra  red spectrum the compound displayed a very broad peak at 
3260cm  ̂ which is  c h a ra c te r is t ic  o f  a hydroxyl group, and only 
a s ing le  carbonyl absorption a t 1 7 1 5 c m T h e  mass spectrum showed 
a very weak molecular ion a t m/e 254 corresponding to the s tructure
(118).
This re s u l t  was not a ltogether su rp r is ing  since oxindoles 
are no to r ious ly  d i f f i c u l t  to reduce, as previous work in th is  
labora tory  has demonstrated I t  is  known, fo r  instance, tha t
l i th iu m  aluminium hydride is  an e f fe c t iv e  reagent fo r  reducing 
N-alkylated oxindoles to  indoles^^, but i t  is  w idely accepted tha t 
unsubstituted compounds are re s is ta n t to  reduction by th is  reagent.
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Presumably th is  is  because the anion (119) is  formed in the presence 
o f a strong base, and th is  species is  re s is tan t to fu r th e r  attack by 






The e a r l ie s t  example o f  the reduction o f an oxindole was reported 
by Baeyer^^ over one hundred years ago, but in th is  case the oxindole 
vapour was passed over hot z inc. C learly th is  method is  of 
l im ite d  synthetic  value when applied to complex de r iva t ives .
Sodium in  alcohol is  also said to reduce oxindoles, but here 
again there is  much evidence to suggest tha t only h igh ly  a lky la ted 
de riva tives  are reduced to indoles^^. Using th is  technique, however, 
a team o f I ta l ia n  workers has effected the conversion o f  the oxindole 









An e a r l ie r  paper^^ describes the preparation o f a-phenyltryptamine 
(123) from isatylideneacetophenone oxime (122) using the same combin­







A s im i la r  procedure has also been used by Franklin and White 
to prepare other a -subs titu ted  tryptamines from is a t in  condensation 
products. Here, however, reduction o f the oxindole was achieved 
by treatment w ith  l i th iu m  aluminium hydride in  tetrahydrofuran 







Wenkert and co-workers^^ observed tha t c a ta ly t ic  hydrogena­
t io n  o f s im i la r  3-su bs titu ted  oxindole oxime deriva tives  resulted 
in the formation o f 2-subs titu ted  indoles as well as the expected 
products. For instance, w ith 3-phenylacetyloxindole oxime (124) 
a mixture o f 3-(l-am ino-2-phenyle thylidene) oxindole (125) and







The formation o f the la t t e r  compound is  not w ithout precedent: 
S im ila r r in g  cleavage, in  which the oxindole 3-substituen t bears a 
hetero atom positioned a su itab le  distance from the oxindole 
carbonyl group, is  not unknown^^. Formation o f  the indole is  
brought about by a rearrangement which may be ra t iona lise d  in the 















In France, a group o f workers preparing precursors o f lyserg ic
acid de riva tives  effected the reduction o f oxindoles to indoles
72using diborane in tetrahydrofuran , w ith subsequent aromatisation 






A second attempt a t the reduction o f the oxindole (118) w ith 
l i th iu m  aluminium hydride in re f lu x in g  tetrahydrofuran returned 
unchanged s ta r t in g  material even when the reaction was in  progress 
over a period o f  twenty-four hours. C a ta ly t ic  hydrogenation o f 
th is  compound a t a pressure o f 120 p . s . i .  in  ethanol so lu tion 
gave a complex mixture o f products which could not e a s ily  be 
id e n t i f ie d ,  and w h i ls t  some o f the reduction methods re ferred to 
here seemed qu ite  a t t ra c t iv e ,  i t  was decided tha t the overa ll 
route did not con s t itu te  a v iab le  synthesis o f  3 - [ l - ( 3 - p y r id y l  ) 
e th y l] in d o le  (29) and deriva tives thereof. Furthermore, is a t in  
de riva tives  themselves are seldom prepared in y ie lds  o f be tte r 
than 50%/^.
By con tras t ,  treatment o f  in d o l-3 -y l-3 -p y r id y l  methanone 
( 111) w ith  methylenetriphenylphosphorane under W it t ig  reaction 
conditions w ith  subsequent reduction seemed more a t t ra c t iv e .  
I n i t i a l l y ,  however, i t  was necessary to pro tect the indole nitrogen 
atom by su b s t i tu t io n  with an electron-withdrawing group in order to 
minimise the mesomerism associated with the amino-enone u n it  o f the 
parent compound, and to induce greater true ketone-like properties 
a t the carbonyl centre:
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As a re s u lt  o f th is  treatment, changes in the carbonyl 
s tre tch ing  frequencies were observed in  the in f ra  red spectra 
o f d e r iva t ive s ; The unsubstituted compound has 1590cm  ̂ whereas 
1-phenyl su lphony lindo l-"3-y l-3 -pyridy l methanone (127) shows a 
carbonyl frequency s h i f t  to 1625cm"\ The e f fe c t  is  s l ig h t ly  
less marked in  the case o f the simple acetylated compound (128), 
which has 1615cm"\ Regrettably, i t  did not prove possible 
to prepare the t r i f lu o ra c e ty l  de r iva t ive  (129) despite a number o f 
attempts under various cond itions. I t  seemed most l i k e ly  tha t 
the p ro tec t ing  group was hydrolysed o f f  under the conditions 
employed to  iso la te  the product and as such the t r i f lu o ra c e ty l  
group would not have been su itab le  fo r  i t s  intended purpose.
On subsequent reac tion , the acetyl de riva t ive  (128) was found 
to undergo hydrolysis i t s e l f ,  re turn ing  only the de-acetylated 
ketone (111). This was not a ltogether surpris ing  since the e lec tron- 
withdrawing e f fe c t  o f  the N-acetyl group was not expected to be very 
great and hence the e le c t ro p h i l ic  nature o f the carbonyl carbon 
atom was s t i l l  qu ite  low. On the other hand, the N-phenylsul- 
phonylated compound (127) underwent a smooth reaction with methyl- 
tr ipheny l phosphonium bromide and sodium hydride in anhydrous 
tetrahydrofuran at re f lu x  to  give a brown o i l .  Owing to the greater
s o lu b i l i t y  o f the phosphorus decompositon products in te trahydro­
furan compared to d ie thy l e ther, i t  was necessary to chromatograph 
the crude product on a column o f s i l i c a  gel using chloroform as 
e luent. The product was then obtained as an orange o i l  which 
slowly s o l id i f ie d  on standing but defied repeated attempts at recrys­
ta l  T isa t i  on. The presence o f some s ta r t in g  ketone was also indicated 
in the crude product from comparisons on TLC. This was to be 
expected, since the a lka lin e  hydro lys is o f  N-phenylsulphonylated 
indoles is  well documented^^’ ^^. Despite considerable e f fo r ts  to 
p u r i fy  the product, inc lud ing fu r th e r  column chromatography on 
alumina, there was strong evidence to  suggest tha t i t  was s t i l l  
contaminated w ith triphenylphosphine oxide. In fu r ia t in g ly ,  i t  
was possible to obtain th is  compound as a pure c ry s ta l l in e  product 
from a second column f ra c t io n a t io n .
In the nuclear magnetic resonance spectrum o f 1-(1 -phenyl- 
sulphonyl indol -3 -y l ) -H 3 -p y r id y l  )ethene (130), the two methylene 
protons appeared as a broad s in g le t  a t 65.76. The pyrid ine C-2 
proton appeared as a doublet a t 69.10 and the C-6 proton gave a 
double doublet a t 68. 86. The remaining protons gave a complex 
signal between 68.70 and 67.10 which could be crudely resolved in to  
s ignals a r is in g  from protons w ith in  the deshielding zone o f  the 
sulphonyl group and proton signals which remained unaffected.
More rigorous in te rp re ta t io n  o f th is  region o f  the spectrum was 
complicated by the superposition o f  the triphenylphosphine oxide 
spectrum.
In view o f the d i f f i c u l t y  experienced in  obtaining a pure 
sample o f  th is  compound i t  was decided to  proceed w ith the sub­
sequent steps and assess the overa ll v i a b i l i t y  o f the route. On 
treatment w ith  l i th iu m  aluminium hydride followed by hydro lys is , the
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phenyl su !phony! group was removed but no other modifications were 
d isce rn ib le  from the spectral evidence. Hydrogenation was then 
carr ied  out a t 100 p . s . i .  in ethanol so lu tion using a platinum 
oxide c a ta ly s t .  The reaction mixture was then coarsely f i l t e r e d  
through Kieselguhr and washed down a short column o f s i l i c a  gel
before removing the solvent to give a gum. This was taken up in
chloroform, washed w ith a so lu tion  o f  b r ine , and the dried 
chloroform so lu tion  was evaporated to give an o i l  which yielded
3 - [ l - ( 3 - p y r id y l ) e th y l ]  indole (29) on t r i t u r a t io n  w ith  d ie thy l
ether. However, the overa ll y ie ld  in re la t io n  to the s ta r t in g  
ketone (127) was only 24% which meant tha t th is  was a less 
a t t ra c t iv e  process than the e x is t in g  indolylmagnesium bromide 
reaction w ith  3 -(1 -ch io ro e th y l) pyr id ine  (73).
In sp ite  o f th is ,  the W it t ig  reaction may ye t provide a 
useful syn the tic  route to various 11-substitu ted  - 11-demethyl- 
e l l i p t i c i n e  deriva tives  via in d o l-3 -y l-3 -p y r id y l  methanone (111). 
Indeed, work is  cu rren t ly  in progress^^ to optimise reaction condi­
t ions fo r  treatment o f the ketone (127) with y l id e s  derived from 
triethylphosphonoacetate (131) and diethylphosphonoacetonitr ile  
(132). So fa r  these reactions have yielded 30% and 70% o f the re ­
spective methylene compounds w ith none o f the associated problems o f 











In th is  modified form the reaction compares well w ith the work 
conducted by Tewari and Gupta^^ in which a number o f l - a r y l - 2 - (3 -  
in d o ly l )  ethylenes (134) were prepared by o le f in a t io n  o f indole-3- 
carboxaldehyde (133) w ith a va r ie ty  o f y l id e s .  Typ ica lly :
CHO PhgP-CHAr
133 134
49Taylor and Joule have also successfully employed the W itt ig  
reaction in  the preparation o f e l l i p t i c in e  and analogues (see page 41 ) 
A fu r th e r  in te re s t in g  p o s s ib i l i t y  fo r  the conversion o f indo l-
3 -y l-3 -p y r id y l  methanone (111) in to  3 - [ l - ( 3 - p y r id y l ) e th y l ]  indole 
(29) was the preparation o f the corresponding p-toluenesulphonyl 
hydrazone (135). In certa in  cases the tosylhydrazone is  reported 
to then undergo a lky la t io n  in the presence o f an excess o f a lk y l -  
l i th iu m ,  such as in the preparation o f 3p-ji-butyl-5a-cholestane 









Most ty p ic a l ly  th is  reaction is  carried out on aldehyde
80tosylhydrazones, as described by Vedejs and S to l le  . For 
example, t h e i r  treatment o f 3-phenylpropanal tosylhydrazone (138) 
w ith excess n -b u ty l l i th iu m  at -78° resulted in a 49% conversion 
to the saturated hydrocarbon (139):
i. Excess
CHgCHzCH-NNTs n-C^HgU ^ ^ (C H 2 )g C H 3
138 139
With ketones th is  procedure is  more generally used to prepare 
o le f in s ,  and in  p a r t ic u la r  to prepare conjugated dienes from a,p 
-unsaturated ketones which might otherwise be obtained only 
w ith  extreme d i f f i c u l t y ^ ^ ” ®^. O lefin  formation is  possible 
because dianion formation usually  predominates in ketones having 
enolisab le  a-hydrogen atoms. Whilst in d o l-3 -y l-3 -p y r id y l  methanone 
( 111) does not s u f fe r  from th is  drawback, i t  is  possible to 
envisage the in te r fe r in g  process which might take place invo lv ing 















The product here is  s im i la r  in many respects to the intermediate 
postulated in the formation o f  l - ( in d o l-3 -y l ) - l - (3 -p y r id y l )e th e n e  
(110) from methyl l i th iu m  treatment o f the s ta r t in g  ketone. Hall 
and Lipsky®^’ ^^ have reported another a lky la t io n -redu c t ion  procedure 
fo r  aromatic ketones and aldehydes in which a lk y la t io n  was achieved 
using an organolithium reagent, followed by lithium-ammonia reduction 
w ithout iso la t io n  o f intermediates. Using th is  technique i t  was 
possib le, fo r  example, to e f fe c t  the conversion o f  indan-l-one (140) 







A ra ther more elegant procedure has been reported by Cerny and 
Malek^^ using sodium b is - ( 2-methoxy)aluminohydride which acts as a 
dual-purpose reagent, e f fe c t in g  both reduction and a lky la t io n  in  a 
s ing le -po t reaction . The d i f f i c u l t y  here l ie s  in term inating the 
reaction a t the appropriate time. For instance, in the treatment o f 
benzophenone w ith th is  reagent, the intermediately-formed diphenyl- 
methane (142) bears two active  hydrogen atoms which undergo se lective  
a lk y la t io n  so tha t the f in a l  product might be 2 , 2-diphenyl propane 
(143) i f  the reaction is  allowed to  proceed fo r  too long:
NaAlH2(0CH2CH20CH^)2 
 >
o -  xylene
H OH
H3 C CH3 H CH. H H
143 142
69
At the present time i t  would appear tha t the best method o f
preparation o f 3 - [ l - (3 - p y r id y l ) e th y l ] in d o le  (29) is  the one which
has been most commonly used, namely the condensation between
indolylmagnesium bromide and 3 - ( l-c h lo ro e th y l)p y r id in e  (73). In
essence th is  reaction has the po ten tia l to  give much be tte r y ie lds
since indolylmagnesium bromide has been successfu lly employed oh
many previous occasions. For example, in  the preparation o f 3-
acety l-2-methylindole (144) from 2-methylindolylmagnesium bromide
87 88and acetych lor ide, Oddo and Sessa ’ report a y ie ld  in excess o f 
85% o f pure product.
X ♦ CH3 COCI  > CHCH
144
Such a re s u lt  would seem to  ind ica te  tha t the problem here l ie s  
w ith the pyrid ine moiety and i t s  inherent in s ta b i l i t y  under the condi­
t ions employed fo r  th is  reaction . In the fu tu re  i t  is  hoped to over­
come th is  d i f f i c u l t y  by employing a su ita b ly -su b s t itu te d  de riva t ive  
o f the alcohol (145). The p-toluenesulphonyl de r iva t ive  is  an 
obvious p o s s ib i l i t y .
145
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Synthesis o f 5 -subs titu ted - l l-m e thy l-6H -py r ido [4 ,3 -b ] carbazole 
d e r iv a t iv e s :
The ro le  o f the methyl groups in  e l l i p t i c in e  is  not yet f u l l y
understood, although th e i r  importance to an ti tumour a c t iv i t y  became
16apparent from work conducted by Le Pecq e t al. who observed tha t 
ne ithe r IT -d e m e th y le l l ip t ic in e  (146) nor 5 ,T l-d idem ethyTe ll ip t ic ine  
(147) showed any a c t iv i t y  against mouse L I210 leukaemia. This in a c t iv i t y ,  
shown by a decrease o f some three pK^ un its  compared with e l l i p t i c in e  
i t s e l f ,  is  accompanied by a corresponding te n - fo ld  decrease in the 
DNA binding a f f i n i t y  a t physio logica l pH (See Table 1, page i 2 ).
C lea r ly , i f  these materia ls are less s trong ly  bound in DNA, they 
w i l l  be less e f fe c t iv e  as in te rc a la t in g  drugs. However, i t  should 
be emphasised tha t a high DNA binding constant is  not a s u f f ic ie n t  
c r i te r io n  fo r  high antitumour a c t iv i t y .
146 147
I t  is  thought tha t a lky l substituents  a t positions 5- and 11- 
o f  the pyridocarbazole skeleton might enhance the l i p o p h i l i c i t y  o f 
the molecule, f a c i l i t a t i n g  easier passage through the c e l l  membrane, 
but the reason tha t th e i r  absence should have such a marked e f fe c t  
on the pK^ value may also be due to  s te r ic  e f fe c ts .  Pyrido [ 4 , 3 - y  
carbazole (147) is  a planar arc-shaped molecule, but i t s  11-methyl 
de r iva t ives  are forced in to  non-planar arrangements because o f the 
s ig n i f ic a n t  p e r i - in te rac t io n  between the substituent and the hydro­
gen atom a t C-10. Thus i t  seems probable tha t the geometric
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requirements fo r  an tineop lastic  a c t iv i t y  are qu ite c r i t i c a l
Since the e l l i p t i c in e  synthesis developed in th is  laboratory 
lends i t s e l f  so re ad ily  to the preparation o f  analogues bearing 
d i f fe re n t  5-substituents w h i ls t  re ta in ing  the 11-methyl group, i t  
was f e l t  th a t  these observations warranted fu r th e r  in ve s t ig a t io n , 
p a r t ic u la r ly  the question o f  l i p o p h i l i c i t y  which should be fu r th e r  
improved i f  the 5-a lky l s i de-chain is  lengthened.
Recent publications ind ica te  th a t other chemists are active in
89th is  area. For example, a Japanese group have synthesised 5- 
m ethy lth io - (158) and 5-methoxy- (165) analogues o f  e l l i p t i c in e  
using the indole e thy lbu tyra te  ester (148) as a common s ta r t in g  
m a te ria l.  Condensation o f th is  compound w ith  formaldehyde d i ­
methyl th ioace ta l-S -ox i de (FAMSO) in the presence o f sodium hydride 
proceeded smoothly to the p-keto sulphoxide (149) which was 
cyclised in  anhydrous £-toluenesulphonic acid a t 60° to  the 
ketone (150). This was then treated w ith te r t ia ry -b u ty l  l i t h i o -  
acetate to  give the ester (151). In the preparation o f  the methyl- 
th io  compound the ester was aromatised w ith acetic  acid in 
re f lu x in g  xylene to give (152) which was t ra n s -e s te r i f ie d  with 
£-toluenesulphonic acid in  methanol to the methyl este r (153).
This was treated w ith methanolic ammonia containing sodium methoxide 
to give the amide (154) which was dehydrated w ith £-toluenesulphonyl 
ch lo ride  to  the n i t r i l e  (155) and then reduced w ith l i th iu m
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aluminium hydride. The resu ltan t amine was heated w ith  ethyl formate 
to give the formate (156). F in a l ly ,  c yc l is a t io n  was effected w ith 
phosphorus oxychloride in re f lu x in g  toluene to the d ih y d ro e l l ip t ic in e  
analogue (157) which was most e f fe c t iv e ly  dehydrogenated using p a l la ­
dium on charcoal in re f lu x in g  decal in to give the aromatic te t ra -  
cycle (158), as shown on the fo llow ing  page.
In the synthesis o f the methoxy analogue, the t e r t i a r y -buty l 
ester (151) was treated with a small amount o f p-toluenesulphonic 
acid in  methanol which resulted in cleavage o f the d ith ioace ta l 
group and t ra n s -e s te r i f ic a t io n  to the ketone (159). Acid-catalysed 
dehydrative aromatisation o f  th is  material was achieved by re f lu x ­
ing in xylene in the presence o f  p-toluenesulphonic acid to  give 
the lactone (160) which was cleaved to the amide (161) using 
methanolic ammonia and sodium methoxide. The phenolic group was 
methylated w ith  dimethyl sulphate and the re su lt in g  methoxy 
compound was dehydrated to the n i t r i l e  (162) in  the same manner 
as described above. Reduction and form ylation were also carried  
out as before, and the formate (163) was cyclised w ith phosphorus 
oxychloride to  give the te tracyc le  (164). This could be aromatised 
d i r e c t ly  to  the methoxy compound (165) w ith  palladium on charcoal, 
but in fa c t  i t  was found tha t be tte r  resu lts  were achieved.by 
f i r s t  reducing the material to the tetrahydro de r iva t ive  w ith 
sodium borohydride and then carry ing out the dehydrogenation step 
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These workers state tha t in  the near fu tu re  demethylated 5- 
mercapto- and 5-hydroxy-analogues w i l l  be ava ilab le . At the moment 
no b io log ica l a c t iv i t y  studies on the f i r s t  two products have been 
reported.
Also o f in te re s t  here is  the discovery o f  a na tu ra lly -occu rr ing
5-substitu ted e l l i p t i c in e  d e r iv a t iv e , th e  so-called 1 7 -b xb e ll ip t ic in e
(166) iso la ted  from the bark o f Strychnos dinklagei G ilg . by Michel,
90T il le q u in  and Koch . Again, the antitumour a c t iv i t y  o f  th is  new 




9-Hydroxy-l1-demethyl e l 1i p t i c i ne (167) has recently  been
,91synthesised using a v a r ie ty  o f known methods by Gouyette e t al. , 
and i t s  a c t i v i t y  compared w ith  the corresponding e l l i p t i c in e  
d e r iva t ive . In general i t  was observed th a t de riva tives lacking 
the 11-methyl group were less to x ic  than the parent e l l ip t ic in e s  
and tha t demethyl compounds were less e f fe c t iv e  in untw isting the 
DNA h e l ix ,  having a correspondingly weak DNA binding a f f i n i t y .  
Although the authors acknowledge th a t the number o f  demethyl- 
e l l ip t i c in e s  tested was too small to  es tab lish  a f i rm  re la t ion sh ip  
between DNA binding a f f i n i t y  and antitumour a c t i v i t y ,  th e i r  resu lts  
are consistent with previous observations.
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Although the condensation between 3- ( l - c h lo ro e th y l)p y r id in e  
(73) and indolylmagnesium bromide was found to be the best method 
o f preparation o f 3 - [ l - ( 3 - p y r id y l ) e th y l ]  indole (29), th is  pro­
cedure did not lend i t s e l f  to large scale preparations. Any
attempt to scale up the reaction in order to give a greater weight
o f  product than approximately 3g resulted in  an inexp licab le
diminution in  y ie ld .  But by using a batch -  preparation technique,
s u f f ic ie n t  quan t ity  was obtained fo r  conversion in to  l -a c e ty l -3 -  
{ l - [3 - (4 -c y a n o ) -p y r id y l ]  ethyl }  indole (78b) using a reaction 
sequence developed in th is  labora tory and which has been described 
elsewhere (see Scheme 20, page 37).
Conversion o f the methiodide compound (77) in to  the required 
cyanopyridine was made more e f fe c t iv e  by d isso lv ing the s a l t  in a 
large volume o f hot water containing a l i t t l e  ethanol. On cooling, 
a f in e ly -d iv id e d  suspension was obtained which was then treated 
w ith aqueous potassium cyanide in the presence o f ammonium chloride 
to give the d ihydropyrid ine precursor as a gum. This was taken 
up in chloroform and thoroughly washed w ith  water. The solvent was 
then removed and the product was obtained as an orange o i l  which 
could be converted to the f u l l y  aromatic pyrid ine (78) e ith e r  by 
warming an ethanolic  so lu tion  o f  the compound or upon ir ra d ia t io n  
w ith  u l t r a  v io le t  l i g h t  from a medium pressure source. The photo­
chemical decomposition is  probably a concerted process in which the 
d ihydropyrid ine adopts a boat conformation to  e lim inate N-methyl- 
acetamide as shown on 4he fo l lo w in g  page:
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However, th is  po in t is  not ce r ta in  and ne ithe r is  the mechanism 
of the apparent thermal decomposition. Whatever the true order 
o f events, th is  is  an e f f ic ie n t  reaction and usua lly  a t th is  stage 
the p y r id y ln i t r i l e  was chromatographed on a column o f basic alumina 
to hydrolyse the indole N-acetyl function  and to  separate N-methyl- 
acetamide which is  a co-product o f the reac tion . However, experience 
has shown th a t the product iso la ted  from the column fra c t ions  does 
not c r y s ta l l is e  and since i t  is  a r e la t iv e ly  "heavy" molecule, th is  
led to speculation about the in te g r i t y  o f the n i t r i l e .  This compound 
bears a formal ch ira l centre, and i t  was thought tha t re s tr ic te d  
ro ta t ion  about the bridging ethyl group might lead to diastereomeric 
forms. Although th is  may have been a co n tr ib u t in g  fa c to r ,  i t  was 
found th a t  column separation on s i l i c a  gel afforded the N-acetyl 
compound (78b) in c ry s ta l l in e  form and thus i t  seems l i k e ly  tha t 
passage o f  the o r ig in a l mixture through basic alumina simply 
resulted in  p a r t ia l  de -ace ty la t ion , and the re su lt in g  mixture o f 
substitu ted and unsubstituted indoles fa i le d  to  c r y s ta l l is e .
The inc lus ion  o f  the N-acetyl group was not considered to be 
detrimental in  succeeding reaction steps since i t  was f e l t  tha t the 
in d o le -1-p o s it io n  was ce rta in  to  be de-acetylated by strong base 
a t a la te r  stage.
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In the attempted preparation o f  5 -a l ly l -5 -d e m e th y le l l ip t ic in e  
(169), the cyanide compound (78b) was added to  a f re sh ly  prepared 
solution/allylmagnesium bromide and the product was hydrolysed 
with the in te n t io n  o f obtain ing the desired te tracyc le  in a s ing le ­
pot reac tion . However, only a small amount o f  material was 
iso la ted , as a brown gum which was submitted fo r  mass-spectral 
analys is. Two molecular ions were detected at m ^  289 and m ^  314 
and these were specu la tive ly  assigned to unchanged s ta r t in g  material 
and to 6 -a c e ty l -5 -a l ly l -5 -d e m e th y le l l ip t ic in e ,  respective ly . In 
many respects th is  re s u lt  is  surpris ing  because previous work has
tended to  suggest tha t Grignard reagents are in s u f f ic ie n t ly  reactive
92to attack th is  hindered n i t r i l e  . In a d d it io n ,  re tention  o f the 
indole N-acetyl group was t o t a l l y  unexpected and raises doubts 
about the ease with which th is  function  undergoes hydro lys is.
When the reaction was repeated on a la rge r scale, a so lid  
material was iso la ted  from the reaction m ixture. In fra -red  
analysis o f  th is  compound showed i t  to  be unreacted s ta r t in g  
material and in the mass spectrum there was no evidence tha t any 
ring-c losed product had been formed.
The second approach to  th is  preparation involved the use of 
a l l y l l i t h iu m  as an a lte rn a t iv e  nucleophile. This was obtained
as a so lu t io n  in  anhydrous tetrahydrofuran by cleavage o f a l l y l -
93phenyl e ther w ith l i th iu m  metal , and using the t i t r a t i o n  technique
94o f Watson and Eastham i t  was estimated th a t th is  procedure gave a 
45% conversion o f the ether to a l l y l l i t h iu m .
A so lu t ion  o f the cyanide compound (78b)in dry tetrahydrofuran 
was added cau tious ly  to  the organometallic reagent a t reduced 
temperature, and a f te r  ex trac tion  the product was obtained as a 
brown o i l .  A small portion o f th is  materia l was retained fo r
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^  1
in fra -re d  analysis which showed a band at 1660cm' corresponding 
to the> C=NH stre tch and providing fu r th e r  evidence to support 
the s truc tu re  o f the presumed intermediate imine (168). The 
-CsN s tre tch ing  band and the carbonyl absorption o f the indole 
N-acetyl group were absent from th is  spectrum.
CH
HN CH.— CH=CHn  
1 6 8  2  Z
The mass spectrum showed a parent molecular ion peak a t m/e 289, 
and w h i ls t  th is  value also corresponds to the s ta r t in g  n i t r i l e  (78b), 
there were no other common spectral features. Previous experience 
w ith these compounds has shown tha t they are not re a d i ly  iso l able 
in pure form so f u l l  characte risa tion  was not carr ied  out.
The crude o i l  was treated w ith d i lu te  acetic  acid on a steam 
bath fo r  about an hour and, fo l low ing  ne u tra l isa t ion  w ith sodium 
hydrogen carbonate, the mixture was extracted with chloroform.
The combined extrac ts  were dried and reduced in  bulk to  give the 
product as a viscous brown o i l .  On d isso lv ing in a l i t t l e  
chloroform and t r i t u r a t in g  w ith  e ther, th is  o i l  afforded a green 
so lid  which defied subsequent attempts o f re c ry s ta l l is a t io n .
Analysis o f  th is  materia l by TLC showed i t  to be impure but the 
bulk o f the material fluoresced as a b r ig h t yellow spot which 
moved only s l ig h t ly  in  solvents o f medium p o la r i ty .
Column chromatography was employed to improve the p u r i ty  o f th is  
m a te r ia l,  but w ith only l im ite d  success. The eluted substance
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could s t i l l  not be induced to c ry s ta l l is e  and was obtained as an 
orange-coloured amorphous s o l id .
Owing to the nature o f  th is  m a te r ia l,  f u l l  spectral cha rac te r i­
sation could not be achieved, but in i t s  mass spectrum the parent 
molecular ion was obtained a t m/e 272 w ith fragment peaks a t m/e 
257 and m/e 245 corresponding to loss o f  -CHg and -CH=CH2 respective ly. 
These observations tend to ind ica te  th a t the desired te tracyc le  
(169) has been formed, a supposition which is  confirmed by the u l t ra  
v io le t  spectrum. This includes absorption maxima a t 278, 292 and 
298 nm so ch a ra c te r is t ic  o f  e l l i p t i c in e  de r iva t ives .
CH
CH?— C H = C H ,
169
Satis fac to ry  nuclear magnetic resonance data could not be 
obtained from th is  material in  i t s  impure s ta te  so i t  was not 
possible to  determine whether the a l l y l i c  double bond was in 
conjugation w ith  the aromatic nucleus or as shown in  the f ig u re  
above, or indeed whether both isomers occurred together.
Reduction o f  the o le f in ic  double bond was s trong ly  considered in 
order th a t  the compound might be compared w ith  the 5-propyl 
analogue which could be e a s ily  synthesised d i re c t ly .  This possi­
b i l i t y  was re jec ted , however, since the immediate in te re s t  was in 
the a l l y l  s truc tu re  i t s e l f ,  which i t  was f e l t  may have exh ib ited 
unusual b io lo g ica l a c t iv i t y :  Vinyl groups are commonly converted
to epoxy functions in v ivo^^, and these may then be fu r th e r
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metabolised to d io ls  or a lcohols. Thus i t  might be possible to form 
a more soluble de r iva t ive  o f e l l i p t i c in e ,  enabling smaller doses to 
be administered fo r  an equivalent antitumour e f fe c t .
When the reaction between the n i t r i l e  (78b) and a l l y l l i t h iu m  
was repeated a t -78°, the same o i ly  intermediate was obtained, 
and on acid hydrolysis th is  gave a product which was s im i la r  in 
every respect to th a t obtained from the f i r s t  preparation. In 
th is  case, a lso , separation o f the e l l i p t i c in e  de riva t ive  in pure 
form could not be achieved.
In a s l ig h t ly  more ambitious reaction , attempts were made 
to enulate the work o f  Bisagni e t a l f ^ '^ ^  by introducing the 3,3- 
diethylaminopropylamino group at the 5-position o f the pyrido­
carbazole system. The immediate problem here was l i t h ia t io n  o f 
3 ,3 -d ie thy l ami nopropyl ami ne, since an i n i t i a l  reaction between 
the amine and f re s h ly -c u t l i th iu m  pieces in b o i l in g  benzene did 
not appear to  work,although a s l ig h t  red colouration was c le a r ly  
d isce rn ib le  a f te r  a couple o f hours. However, when a mixture o f 
hexamethylphosphoric tr iam ide (HMPT), benzene and the amine were 
cooled to  -78° and treated w ith  j i -b u ty l l i th iu m  so lu tion  in  hexane 
an orange-coloured so lu tion  o f the l i th ia te d  amine was obtained.
The ro le  o f the HMPT here is  tw o-fo ld  in tha t i t  enables metalation 
to take place and i t  also enhances the n u c le o p h i l ic i ty  o f the 
product fo r  subsequent reaction .
A so lu t ion  o f  the n i t r i l e  (78b) was added dropwise to a s t i r re d  
so lu tion  o f the l i t h ia te d  amine a t reduced temperature resu lt ing  
in a deep red-coloured mixture which was allowed to warm up to 
room temperature overn ight. A f te r  work-up, the product was 
extracted in to  chloroform and when the solvent mixture was removed 
under reduced pressure, a brown o i l  was obtained, a small portion
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o f which was submitted fo r  mass-spectral ana lys is . This was 
thought to be a so lu tion  o f the desired imine (170) in HMPT, 
a speculation which was confirmed by the presence o f the parent 
molecular ion peak at m/e 377 in the mass spectrum. This also 
showed tha t there was some unreacted s ta r t in g  material present, 
indicated by peaks a t m/e 289 and m/e 247.
Subsequently, when th is  materia l was treated with d i lu te  acetic  
acid on a steam bath fo r  an hour, no trace o f  the expected te t r a ­
cycle (171) could be found. Once again the presence o f  HMPT 
made is o la t io n  o f the product ra ther d i f f i c u l t ,  but fo llow ing 
chromatographic separation on s i l i c a  gel an amorphous brown so lid  
was obtained. The mass spectrum o f th is  compound suggested th a t 
i t  was the de-acetylated n i t r i l e  (78a), having a parent molecular 
ion peak a t m/e 247. This s tru c tu ra l assignment was confirmed by 
bands a t 3270 and 2220cm’  ̂ in the in f ra - re d  spectrum, corresponding 
to the indole N-H and n i t r i l e  C=N s tre tch ing  frequencies, respective ly .
I t  would seem, then, tha t the conditions usually  employed to 
e f fe c t  c y c l is a t io n  re s u lt  in  the cleavage o f the C-NHR bond so 
tha t the desired group is  lo s t  from the pyr id ine  side chain by 
acid hydro lys is (see fo llow ing  page).
Prelim inary attempts a t a lka lin e  hydro lys is  were discouraging 
since harsh conditions were required which caused blackening o f 
the substrate in aqueous alcohol so lu t io n .
Following these d iscoveries, work was suspended on the 3,3-
d ie thy l ami nopropyl ami no de r iva t ive  in favour o f  a much simpler
side chain derived from 4 -p ic o l in e .  Both 2- and 4- p ic o ly l l i th iu m
are re a d ily  prepared in good y ie ld  from the appropriate methyl pyrid ine
96and n -b u ty l l i th iu m  in  te trahydrofuran so lu t ion  . The presence o f 
















c a p a b i l i ty  o f the n -b u ty l l i th iu m  and maintains a greater concentration 
o f the organometallic species in  so lu t ion . Furthermore, i t  is  
also an exce llen t solvent fo r  the n i t r i l e  (78b).
The 4 -p ic o ly l l i th iu m  prepared in  th is  fashion was obtained 
as a red so lu t io n , the concentration o f  which was determined by 
t i t r a t io n ^ ^ .  A so lu tion  o f  the n i t r i l e  (78b) in  dry te trahydro­
furan was added dropwise a t low temperature and the reaction 
mixture was then allowed to warm slowly w ith s t i r r in g .  Excess 
organometallic reagent was decomposed by the addition o f iced water 
and the mixture was extracted w ith  chloroform. Evaporation o f the 
solvent under reduced pressure gave an orange o i l  which smelled 
strong ly  o f 4 -p ico l ine . Nevertheless, the mass spectrum o f th is  
substance included a strong molecular ion peak a t m/e 340, 





Confirmation o f  th is  s truc tu re  was obtained from the in fra -re d  
spectrum which no longer exh ib ited the cyanide band at 2220 cm  ̂
or the carbonyl band a t 1700 cm”  ̂ from the parent n i t r i l e  (78b).
The bulk o f  th is  material was dissolved in  d i lu te  acetic  acid 
and warmed on a steam bath fo r  about one hour. On subsequent 
b a s if ic a t io n  and ex trac tion  the product was obtained as a brown 
o i l  which yie lded a so l id  on t r i t u r a t io n  w ith  d ie thy l ether.
However, analysis by TLC showed th is  to be a mixture o f several 
components and repeated attempts at re c ry s ta l l is a t io n  from a 
va r ie ty  o f solvents fa i le d  to improve i t s  p u r i ty .  Column chroma­
tography proved equally u n f r u i t f u l .
Despite the fa c t  tha t s a t is fa c to ry  nuclear magnetic resonance 
data could not be obtained fo r  th is  m a te r ia l,  there were encouraging 
signs in  the u l t r a - v io le t  and mass spectra. Although somewhat 
less intense than the bands in the spectrum o f e l l i p t i c in e  i t s e l f ,  
the u l t r a - v io le t  spectrum showed c h a ra c te r is t ic  peaks a t 280,
292 and 297 nm. In ad d it io n , the mass spectrum included a parent 
molecular ion a t m/e 323, w ith a fragment peak a t m/e 245. I t  
was therefore f e l t  tha t s u f f ic ie n t  evidence existed to suggest tha t
5 -dem ethy l-5 -(4 -p ico ly l) e l l i p t i c in e  (173) had indeed been formed 
and tha t a second attempt should be made to  prepare i t  in pure form.
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When the experiment was repeated, 4 -p ic o ly l l i th iu m  was obtained 
as a yellow s lu r ry  rather than the red so lu tion  which resulted 
from the i n i t i a l  preparation. In th is  form the organometallic 
agent more c lose ly  resembled the 4 -p ic o ly l l i th iu m  described by 
Beumel, Smith and Rybalka^^. As before, a so lu tion  o f the n i t r i l e  
(78b) in anhydrous tetrahydrofuran was added slowly a t low tempera­
tu re ,  but th is  time the mixture was gradually warmed to 40° a f te r  
the completion o f  the addition to ensure complete reaction . A fte r  
cautious decomposition with iced water the mixture was extracted in to  
chloroform and evaporated under reduced pressure to give an orange 
o i l  which was immediately treated with d i lu te  ace tic  acid . Work­
up afforded a b r ig h t yellow so lu tion in chloroform which fluoresced 
strong ly  under u l t r a - v io le t  l ig h t .  Evaporation o f the solvent to 
low bulk gave the product as yellow needles which were re c ry s ta l l is e d  
from methanol.
Analysis by TLC showed tha t the material was pure, enabling 
f u l l  spectroscopic characterisation to be carried  out. However, 
the molecular ion peak detected at m/e 288 in the mass spectrum 
indicated th a t the reaction had not proceeded as expected. The ^H 
nuclear magnetic resonance spectrum included signals c h a ra c te r is t ic  
o f a n-butyl group: a two-proton t r i p l e t  was observed at 63.31 (^=7HZ); 
a four-proton m u lt ip le t  at 62.0 - 1.6 due to the intermediary 
methylene groups and a three-proton t r i p l e t  a t 61.05 (J=7HZ) due to 
the terminal methyl group.
These observations implied tha t the iso la ted  material was in 
fa c t  5-n-buty l-5 -dem ethyTe llip tic ine  (174), a known compound, and 
tha t fa r  from being an improved preparation o f 4 -p ic o ly l l i th iu m ,  
the second experiment had produced l i t t l e  or no 4 -p ic o ly l l i th iu m  
at a l l .  The formation of the n-bulyl de r iva t ive  (174) was la te r
^6
13confirmed by spectroscopic means, inc lud ing C nuclear magnetic 
resonance fo r  example, which showed a to ta l  o f  twenty carbon reson­




In a f in a l  attempt to  p u r i fy  the product from the f i r s t  reaction , 
the crude material was applied to a preparative s i l i c a  p la te and 
chromatographed in a solvent mixture o f ethyl acetate and petroleum 
ether. A fte r  removal and soxhlet ex trac t ion  o f the appropriate 
band and evaporation o f  the solvent, a small quantity  o f a pale 
yellow compound was obtained as f in e  needles. Mass spectral 
analysis o f th is  material confirmed tha t i t  was 5-demethyl-5 -(4 -  
p ic o ly l )  e l l i p t i c in e  (173), having a molecular ion peak detectable 
a t m/e 323 and the expected major fragment peak a t m/e 245. The 
u l t r a - v io le t  spectrum was also much improved compared to tha t o f 
the crude reaction product.
Although only 4mg o f th is  compound had been obtained in pure 
form, i t  was possible to  acquire i t s  proton magnetic resonance 
spectrum using Fourier Transform techniques. Understandably, the 
spectrum was not well resolved and included a very large peak 
between 63.5 and 63.0 ppm due to water in the deuterated solvent.
This probably masked the resonance o f  the methyl group attached
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a t the 11-position. However, the trace showed a s in g le t  absorption 
a t 611.68 due to the in d o l ic  proton and a s in g le t  at 69.75 due to the 
proton a t C-1. The remaining aromatic protons appeared as a
complex pattern between 68.6 and 67.0 ppm which could not be 
resolved w ithout obtaining a be tte r sample. F in a l ly ,  there was 
a s in g le t a t 64.73 which corresponded to  the bridging methylene 
protons.
The conclusion drawn from these resu lts  is  tha t more e f f ic ie n t  
preparative methods should be sought fo r  the l i th iu m  a lky l species 
employed in  th is  synthesis. Without doubt they should be p u r i f ie d  
p r io r  to use on a precious substrate, and i t  would probably be 
valuable to carry out p i lo t  reactions on a re a d i ly  ava ilab le  
analogous compound, such as 3-cyanopyridine, since i t  is  apparent 
tha t the t i t r a t i o n  technique used gives no ind ica t ion  which l i th iu m  
a lky l species are present.
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Attempts a t an e l l i p t i c in e  synthesis from indo1-3-y1-3-pyridy1- 
methanone ( 111) :
When i t  became apparent tha t an e f f ic ie n t  synthesis o f 3 - [ l -  
(3 -p y r id y l)e th y l ]  indole (29) could not yet be achieved i t  was 
decided to use the carbonyl-bridged analogue as a possible s ta r t in g  
po in t. The stimulus fo r  th is  work came from two independent 




97In Great B r i ta in  th is  work was conducted by Joule e t a l . 
who reacted 2 - li th io - l-p h e n y lsu lp h o n y l- in d o le  (176) w ith 3-hydroxy- 
m ethy lison ico tin ic  acid lactone (177) to  give the pyridy l alcohol 
(178). Oxidation w ith manganese dioxide gave the corresponding 
aldehyde (179) which was converted in to  the acetal (180) and then 
N-deprotected using aqueous sodium hydroxide in methanol. D ilu te  
hydrochloric acid was used fo r  hydrolysis o f the acetal (181) 
and cyc l isa t io n  to the quinone (175a) proceeded in  the presence o f 
a i r .  Treatment o f th is  compound with three mole-equivalents o f 
methyl l i th iu m , followed by reduction w ith sodium borohydride in 
















A one-step construction o f the e l l i p t i c in e  skeleton was carried
98out in Canada by Watanabe and Snieckus , by u t i l i s in g  the reaction 
o f N-substituted indole-3-aldehyde (182) w ith l i t h ia te d  N ,N-d ie thyl- 
isonicotinamide (183). L i th ia t io n  o f the pyrid ine moiety was achieved 
using one moelcular equivalent o f secondary butyl l i th iu m  in the 
presence o f one molecular equivalent o f  tetramethylethylenediamine 
(TMEDA) in d ie thy l ether a t -78°. Subsequent treatment o f the N- 
methylenemethoxyquinone (175b) w ith excess methyl l i th iu m , followed by 
47% methanolic hydrogen iodide and stannous ch lo ride  in a mixture o f 
acetic  ac id , hydrochloric acid and te trahydro furan, gave e l l i p t i c in e  













In view o f these successes i t  was th e re fo r^ ’ ntended to mimic the 
synthesis o f the quinone by preparing 1-phenylsulphonylin d o l-3 -y l-3 -  
(4-cyano) pyr idy l methanone (191) employing the same method used 
in  the formation o f l - a c e ty l -3 - { l - [3 - (4 -c y a n o )p y r id y l ]e th y l } indole 
(78b). I t  was expected tha t treatment o f the n i t r i l e  w ith methyl- 
l i th iu m  would then a ffo rd  the imine (185) which on subsequent hydro­
ly s is  should give e i th e r  the ring-c losed product (186) or the 














Accordingly, the s ta r t in g  ketone (111) was f i r s t  reacted w ith
phenyl sulphonyl ch lo ride  in order to pro tect the indole nitrogen
atom. The reaction was carried out using potassium hydroxide in
dimethyl sulphoxide and w h ils t  th is  gave the N-substituted compound
(127) in  a f a i r l y  pure form, the y ie ld  o f  the reaction was not
97exceptional. A be tte r method has been reported using a combina­
t io n  o f dimethylformamide and sodium hydride.
The ketone (127) in dichloromethane was treated w ith mesitylene- 
sulphonyl hydroxyl ami ne (258), and the re s u lt in g  aminopyridinium
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s a l t  (187) was acetylated and quaternised to give the methiodide 
(189), w ithout is o la t io n  o f the intermediate product (188). On 
d isso lu t ion  o f th is  compound in  a large volume o f water and subse­
quent treatment w ith  aqueous potassium cyanide in the presence o f 
ammonium ch lo r id e , an orange o i l  was obtained which was presumed to 


















The in fra -re d  spectrum o f the crude material showed two 
cyanide peaks a t 2230 and 2220 cm  ̂ w ith two carbonyl absorptions 
a t 1680 and 1625cm”  ̂ due to the N-acetyl group and the bridging 
carbonyl group, respective ly . The mass spectrum showed only peaks 
due to the f u l l y  aromatic n i t r i l e  (191) and fo r  th is  reason i t  was 
f e l t  tha t the presence o f two d iscre te  cyanide absorptions in the 









The nuclear magnetic resonance spectrum o f th is  material 
was not p a r t ic u la r ly  well-resolved and re f lec ted  the p u r i ty  o f  
the crude product. There was a three-proton s in g le t  at 61.94 
due to the acetyl group and another three-proton s in g le t  at 63.31 
due to the N-methyl group. A sharp one-proton s in g le t  a t 67.28 
was ch a ra c te r is t ic  o f  the indo le -2-proton but fu r th e r  in te rp re ta t io n  
o f the complex aromatic signals was not possible.
The o i l  was dissolved in ethanol and ir ra d ia te d  under a 
medium pressure u l t r a - v io le t  source fo r  about one hour and 
then the solvent was removed under vacuum to leave an orange o i l  which 
was chromatographed on a column o f s i l i c a  gel using chloroform as 
eluent. The f i r s t  f ra c t ions  were combined and the solvent removed 
under reduced pressure to give an o i l  which y ie lded an amorphous 
orange so l id  on t r i t u r a t io n  w ith ether. Comparison w ith the 
o r ig ina l orange o i l  on TLC showed tha t s ig n i f ic a n t  p u r i f ic a t io n  had
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been achieved and tha t th is  materia l gave r is e  to a spot which was 
also present in  the crude reaction product. The in fra -re d  spectrum 
now showed only a s ing le  cyanide band at 2220cm but both carbonyl 
bands were s t i l l  evident a t the same wave numbers as before, ind ica­
t in g  tha t the pyrid ine N-substituent had been retained and tha t 
aromatisation could not have taken place. In essence, the 'H nuclear 
magnetic resonance spectrum was the same as fo r  the s ta r t in g  
material except th a t now an o le f in ic  proton signal could be 
discerned a t 66.76. There were no lo w - f ie ld  signals below 68.6 
which are so c h a ra c te r is t ic  o f  the aromatic pyrid ine nucleus and 
these observations led to speculation tha t the cyanide group had 
been introduced at the 6-p o s it io n  ra ther than the 4 -p o s it io n , and 
tha t photo lysis served only to ring-open the resu ltan t dihydro­
pyrid ine (192) ra ther than promoting i t s  aromatisation.
O 9^3





Such a process is  not unprecedented, having been previously 
observed when the indole-N-acetyl analogue (194) was treated w ith 
aqueous potassium cyanide in chloroform so lu tion^^. In th is  case 
both the ring-opened product and the 4-cyanopyridine were obtained, 
and the re la t iv e  proportions o f  each seemed to  depend upon whether 
the pyrid inium s a l t  was dissolved in chloroform or water p r io r  to 










O rig in a l ly  i t  was supposed th a t ,  under the appropriate so lvation 
conditions, the dihydropyrid ine (195) underwent p ro to trop ic  change 
to the isomeric 1,4-dihydro compound (196) which is  a much more 










In less polar conditions the fa v o u ra b i l i ty  o f  th is  trans­
formation to the 1,4-d ihydropyrid ine is  not so great, and in  th is  
case photo lysis gives the ring-opened compound (198), in  d ire c t  






When the indole nitrogen atom is  substitu ted with a phenyl- 
sulphonyl group, as in the most recent work, the solvent appears to 
play a less important part in  determining the pos it ion  at which 
cyanide ion attacks the pyrid ine nucleus. Here the influence seems 
to be e n t i re ly  s te r ic  and i t  is  l i k e l y  th a t the bridging carbonyl 
group gives the methiodide s a l t  (189) a degree o f  r i g id i t y  which 
i t s  methylene-bridged counterparts ((77 ),  f o r  example) lack:
^© /N C O C H g
This is  due to the vinylogous amide u n i t  which imparts double
bond character to the l in k  between the indole and the carbonyl
group. Just as simple amides have strong conformational pre- 
99ferences , a s a l t  such as (189) might adopt the geometry ind ica ted, 
in which the 6-p os it ion  is  now more accessible than in other cases 
where greater m o b il i ty  is  allowed.
In the case o f simple amides, analysis o f  the nuclear 
magnetic resonance spectrum often allows a measurement o f the re la t iv e  
amounts o f E- and isomers present. However, the spectra o f the 
amides (189) and (194), together w ith  those o f the corresponding 
simple pyr id ines, show only one set o f resonances per compound 
and thus i t  is  not possible to analyse the problem in th is  way.
This is  unfortunate because i t  had been hoped tha t in changing the
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indole N-substituent from an acetyl function  to a phenyl sulphonyl 
group, which resulted in a marked s h i f t  in the carbonyl s tre tch ing 
frequency in the in fra -re d  spectrum (see page 62)» the vinylogous 
amide character might have been reduced s u f f ic ie n t ly  to allow some 
interconversion and hence lead on to the desired cyanopyridine.
Possibly an answer to these speculations may only be achieved 
through c rys ta llog raph ic  measurements, but in such circumstances i t  
is  important to note tha t the comparison between the s itu a t io n  in 
the s o l id  state and tha t in so lu t ion  may not be ju s t i f i e d .  Never­
the less, s te r ic  fac to rs  appear to  be very in f lu e n t ia l  in these 
reactions, fo r  i t  has been observed tha t in  the reaction between the 
acetal o f  l-(N -acety l-N-m ethylam ino)-3-acety lpyrid in ium  iodide 
(199) and ethylmagnesium bromide, both 6-e thy l-(200) and ring-opened 






I t  seems th a t the r ig id  and bulky acetal function  blocks 
access to  both the 2- and 4- po s it ions , a llowing attack a t the 6- 
pos it ion  only.
A Japanese group have claimed tha t 2-cyano- 1 ,2 -d i-
hydropyridine ( 202) was obtained from the reaction o f cyanide ion 
with the s a l t  (201) ,  and tha t electron-w ithdrawing substituents 
in the 3 -pos it ion  o f the pyrid inium r ing  promoted addition a t the
6-p o s it io n . They also observed th a t reactions performed under
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wholly aqueous conditions gave r ise  to attack a t the 4 -pos it ion  
whereas when less po lar solvents were used considerable quantit ies  
o f the 6-subs titu ted  product were obtained. I t  is  to be expected 
tha t in a protonated so lvent, rearrangement o f  the 1,2-d ihydro­
pyrid ine  (202) takes place to give the 2-cyano-l ,4-dihydro de riva t ive  







103Sammes and K a tr itzky  have also commented upon the ring  
opening e f fe c t  o f cyanide ion in  pyrid inium sa lts  o f th is  type 
and they, too, note tha t the question o f whether 4- or 6- attack 
occurs depends upon the solvent cond it ions, although th e i r  
resu lts  are a t variance w ith those o f workers a t Bath.
I t  is  c lea r tha t addition a t the 4- pos it ion  re a d ily  leads onto 
the p y r id ine , fo r  in a conformation such as (204) a concerted loss 
o f N-methylacetamide is  eas ily  achieved. Before a s im i la r  loss 
can occur from the 6-adduct (205), a p ro to trop ic  movement is  
required and i t  seems l i k e ly  tha t such a change is  in k in e t ic  
competition w ith a simple reverse e le c tro c y c l is a t io n  process, 

















N  ^ hv
C=N -CH3NCOCH3 C=N
Driver^^^ iso la ted  some o f the 6-cyanopyridine product from 
th is  reaction which suggests th a t the equ ilib r ium  is  f in e ly  balanced.
Further work in  th is  area was postponed u n t i l  such time as a 
su itab le  protecting group could be selected fo r  the indole nitrogen 
atom which would not induce attack by cyanide ion a t the 6- 
pos it ion  o f the pyridium r in g . I t  would also have been valuable
to minimise the influence o f the ketone function by acé ta l isa t ion
in order to  ascerta in whether th is  type o f group in the 3 -pos it ion
o f the pyridium s a l t  would promote attack in the 4- or 6- pos it ion
by a nucleophile such as cyanide ion.
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Attempts to prepare lOH-indolo [3,2-bJ-2-azaindene (207):
During an e a r l ie r  piece o f work conducted a t Bath^^^ invo lv ing 
the methylene-bridged analogue (206) o f the cyanopyridine (78a), an 
i n i t i a l  attempt to hydrolyse the n i t r i l e  function  o f  th is  compound 
by treatment w ith  b o i l in g  2M hydrochloric acid gave r ise  to an 
unexpected product which was d i f f i c u l t  to p u r i fy  by re c ry s ta l l is a t io n  
I t  was c le a r ,  however, th a t a new substance had been formed, since 
i t s  spectral c h a ra c te r is t ic s  were qu ite  d i f fe re n t  from those o f 
the s ta r t in g  m a te r ia l.  For instance, the in fra -re d  spectrum 
displayed no evidence o f a cyanide s tre tch ing  absorption, and the 
mass spectrum showed a molecular ion peak at m/e 206 which was two 
un its  less than the p ic o ly l in d o le  from which i t  was derived. The 
nuclear magnetic resonance spectrum comprised a two-proton 
s in g le t  a t 63.8 due to the bridging methylene group, an in d o l ic  
N-H signal a t 611.6, a s in g le t  at 68. 8 , a doublet a t 68.6 (J^=5HZ) 
and two complex series o f signals a t 67.7 and 67.3ppm equivalent to 
three and two protons, respective ly . Given th is  in form ation, the 






The isomeric s truc tu re  (208) was considered less l i k e ly  from a 
mechanistic po in t o f view, fo r  w h i ls t  i t  is  true tha t sub s t itu t io n  
at the 2-posit ion  o f an indole is  commonly preceded by attack a t C-3, 
w ith subsequent rearrangement, in th is  case the necessary intermediate 
(209) would have contained a h igh ly -s tra ined  four-membered spiro u n it :
-C N
209
Furthermore, i t  was f e l t  th a t rearrangement o f th is  species in 
acid so lu tion  would favour the carbonium ion (210) ra ther than i t s  
counterpart (211) ,  although under the conditions employed in th is  






Direct a ttack a t the indo le -2 -pos it ion  gains fu r th e r  support
105from the work o f Kametani e t a l. , who reported tha t the 7-aza- 
carbostyryl (212) formed the a lka lo id  (213) on treatment w ith a 








I t  has also been r e p o r t e d ^ t h a t  photolysis o f 3-(2-1odo- 
benzoyl) indole (214) gives indeno [ 1 , 2 - y  indol-10(5H)-one (215a) 
and th a t reduction o f th is  compound w ith l i th iu m  aluminium hydride 
resu lts  in the formation o f  5,10-dihydroindeno [ 1 , 2 - y  indole 
(216). A comparison between the u l t r a - v io le t  spectra o f th is  
la t t e r  compound and the product obtained by Driver reveals 
tha t the two share many common fea tures. However, i t  is  l i k e ly  
tha t the isomer (208) w i l l  also have s im i la r  u l t r a - v io le t  
absorption c h a ra c te r is t ic s ,  and a favourable comparison here was 
not considered s u f f ic ie n t  evidence to be assertive about the 









In order to obtain fu r th e r  s tru c tu ra l evidence, attempts were 
made to acetyl ate the compound a t the indole nitrogen atom, since 
i t  was an tic ipa ted tha t the deshielding e f fe c t  o f a carbonyl group 
upon the methylene bridge protons would be c le a r ly  noticeable in 
s truc tu re  (208) but less marked in (207). Unfortunately such a 
d e r iva t ive  could not be obtained in  the pure state and fu r th e r  
work was postponed u n t i l  an unequivocal synthesis o f e i th e r  or 
both o f  these isomers could be achieved.
More recen tly , Itahara and Sakakibara^^^ reported the in t r a ­
molecular r ing  closure o f 3-benzoyl indoles using palladium acetate. 
Treatment o f 3-benzoyl-l-m ethylindole (217) in  acetic  acid with
0.5 molecular equivalents o f palladium acetate gave 5-methyl-5,10- 









This reaction was seen as an exce llen t model fo r  the palladium 
acetate r ing -c losu re  o f  in d o l-3 -y l-3 -p y r id y l  methanone (111) to give 
the pyrid ine analogue (215b) o f Carruthers' photo lysis product 
(215a).
215b
T yp ica l ly ,  indoles substitu ted w ith an acyl function a t the 3- 
pos it ion  give r is e  to nuclear magnetic resonance spectra in which 
one o f the d is t ingu ish ing  ch a ra c te r is t ics  is  the pos it ion  and m u lt i ­
p l i c i t y  o f  the signal due to the indole C-4 proton. This appears 
as a double doublet (^i=9HZ and J2=5HZ) centred a t 68.2. The 
Japanese workers fa i le d  to  comment upon th is  fea tu re , and unfortun­
a te ly  the signal is  masked in the pyr idy l methanone (111). However, 
i t  was hoped to confirm the s truc tu re  o f  the ring-c losed product 
through decoupling experiments.
In an i n i t i a l  reac tion , the ketone (111) was dissolved in
105
g la c ia l acetic  acid w ith a 0.5 molecular equivalent portion of 
palladium acetate and the mixture was heated fo r  some fo r ty  hours 
under an in e r t  atmosphere. Subsequent work-up and analysis o f the 
product revealed tha t i t  was unchanged s ta r t in g  m a te r ia l,  since 
both the in fra -re d  and nuclear magnetic resonance spectra were 
superimposable upon those o f the unreacted ketone, and i t  was 
feared tha t the basic nitrogen atom in  the pyrid ine r ing  was 
too susceptible to  pa llada tion  to allow the reaction to proceed as 
expected.
In the normal course o f events, palladium acetate reacts w ith
aromatic species in a manner c lose ly  resembling e le c t ro p h i l ic  
108su b s t i tu t io n  , w ith formation o f an analogous ^-complex and
subsequent loss o f  acetic  acid to give the palladated species.
Intramolecular r ing  closure is  then achieved through e lim ina tion
e
o f a proton and the anion [PdOCOCH ]̂ so th a t during the reaction 
the metal becomes reduced to  i t s  zero ox idation s ta te . This 












In order to overcome the problem o f undesired nitrogen 
pa llada tion  i t  was decided to prepare the pyrid ine N-oxide of 
the methanone ( 111) ,  but th is  proposal also resulted in unforeseen 
d i f f i c u l t i e s  when put in to  p rac tice . On treatment w ith hydrogen 
peroxide in  g la c ia l  acetic  acid a t a constant 70°, analysis by TLC 
indicated th a t a complex mixture had been obtained and tha t the 
reaction had not proceeded to completion. The product was f la s h -  
chromatographed on a column o f s i l i c a  ge l, but w ith l im ite d  success 
since the only component which could be iso la ted  in s u f f ic ie n t  
quan tity  to a llow  id e n t i f ic a t io n  was unchanged s ta r t in g  ketone.
A second f ra c t io n  which showed two spots on TLC was submitted fo r  
mass spectra l ana lys is , whereupon two molecular ion peaks were 
detected a t m/e 238 and m/e 222. The la t t e r  peak was almost 
c e r ta in ly  due to the s ta r t in g  material again, but the f i r s t  one 
was an in te re s t in g  discovery since i t s  value was 16 m/e un its  
greater than the parent ketone, implying the inc lus ion o f an extra 
oxygen atom. However, i t  was f e l t  tha t pyr id ine N-oxide would 
not be detectable in  the mass spectrometer except as the N- 
desubstituted compound, and th is  led to speculation o f a Baeyer- 
V i l l i g e r  type ox idation  in which the ketone was converted to the 
ester ( 219) (see fo llow ing  page).
There was in s u f f ic ie n t  material to confirm th is  supposition 
by any other means and since i t  had become apparent th a t the 
conditions necessary fo r  palladium acetate r ing  closure were qu ite  
s t r in g e n t ,  i t  was decided to abandon th is  work in  favour o f a more 
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109Subsequent work , aimed at establish ing the importance o f 
the indo le-N -substituent and the e lec tron ic  nature o f the second 
r ing  system in determining whether ring  closure occurs and at 
which pos it ion  o f the indole nucleus, has disclosed some in te res t in g  
d iscoveries. In p a r t ic u la r ,  i t  was found th a t the major product 
o f the palladium acetate - catalysed cyc l isa t io n  o f 3-benzoyl indole 
(220) was the 4-substitu ted  de riva t ive  (221) and not the expected
108
2-substitu ted compound (222). Itahara reported tha t cyc l isa t io n  
to the 4 -pos it ion  occurred only in  systems which already possessed 
a substituent at the 2 -pos it io n . I t  would appear tha t th is  is  









E l l ip t ic in e  co rre la t io ns :
The concept o f rearrangement o f  3 ,3 -d ia lky lindo len ines  is  by 
no means unexplored. In 1968 Jackson and Smith^^^ prepared a 
number o f such compounds by the action o f  a lky l halides upon the 
Grignard deriva tives o f 3 -a lky l indoles and on subsequent acid 
treatment they observed th a t rearrangement occurred through 
migration o f  the higher a lky l group to give a s ing le  2 ,3 -d ia lky l 
indole product:
H
In the synthesis o f more complex indoles th is  property 
frequently  leads to problems in  s tru c tu ra l determination. For 
instance, the indole de r iva t ive  (223) undergoes anodic oxidation 
a t a po ten tia l o f  +1.35V (versus SCE) to give a te t ra c y c l ic  
product which has been formulated as the azaquinone (227)^^^. 
This is  thought to  ar ise  by the mechanism i l lu s t ra te d  on the 
fo llow ing  page:
no
O C H '
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The an tic ipa ted  product (225) is  then fu r th e r  oxidised to 







Spectral data are consistent w ith  th is  s tru c tu ra l assignment, 
but i t  should be emphasised tha t the proposed mechanism assumes 
attack o f the indole u n it  a t the 3 -pos it ion  by the i n i t i a l l y -  
formed rad ica l cation from the dimethyoxylated ary l r ing  system. 
Rearrangement o f the sp iro  cation (224) takes place as shown in 
order th a t the newly-formed cation (228) may be s ta b i l is e d  by 
resonance. Rearrangement by the a lte rn a t iv e  mode would give r ise  
to a cation (229) in which the po s it ive  charge is  fo rm a lly  located 
next to a carbonyl group, and th is  would be s trong ly  disfavoured:
O C H
228
H o C O 0 CH3
229
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Nevertheless, the re la t iv e  s t a b i l i t ie s  o f these cations is  
not considered proof o f s truc tu re  (227). Furthermore, i f  d ire c t  
cy c l is a t io n  occurs a t the 2-p o s it io n  o f the indole nucleus, a 




This phenomenon has apparently never manifested i t s e l f  in 
syntheses o f  e l l i p t i c in e  deriva tives where formation o f  the 
te t ra c y c l ic  skeleton is  achieved through c y c l is a t io n  o f  the C 
r ing  to an indole nucleus. For example, in the acid-catalysed 
c y c l is a t io n  o f  the imine (79),  which presumably takes place via 
the acetyl species (231), e l l i p t i c in e  ( l a)  i s iso la ted  as the 
sole product in  near-quan tita t ive  y ie ld .  There is  no evidence 
fo r  the presence o f  the isomeric te tracyc le  (233), and should the 
sp iro  intermediate (232) be involved, the im p lica t ion  is  tha t one 
























The fa c t  tha t formation o f  the pyrido [ 4 , 3 - y  carbazole is  
favoured exc lus ive ly  over formation o f the pyrido [ 3 , 4 - y  carba­
zole c le a r ly  ind icates tha t one o f the bonds in the spiro in te r ­
mediate is  weaker than the o ther. This may be explained in 
terms o f  a simple resonance descrip tion  o f the pyrid ine u n i t :
The 4 -pos it ion  o f pyr id ine  is  a po in t o f low electron density 
and therefore substituents here are subject to  a pos it ive  
inductive e f fe c t  and th is  may s ig n i f ic a n t ly  diminish the strength 
o f bond "a" in the sp iro  intermediate (232). Such an e f fe c t  




This is  not true fo r  substituents  in the 3-position o f  pyr id ine , 
and hence bond "b" remains la rg e ly  unaffected.
Conversely, the re g iosp ec if ic  formation o f e l l i p t i c in e  may 
be seen as evidence fo r  d i re c t  attack a t the 2 -pos it ion  o f the indole 












One argument against th is  proposal is  tha t formation o f the 
intermediate (234) resu lts  in a d is rup tion  o f the aromatic character 
o f the A r ing  and thus the a c t iva t io n  energy fo r  th is  fa c i le  
c y c l is a t io n  process is  ra ised. However, since the reaction is  
so re a d i ly  carr ied ou t, using d i lu te  acetic  acid a t 70°, i t  is  
obvious tha t the apparent a c t iva t io n  b a r r ie r  is  very low. Thus 
d ire c t  attack a t the 2 -pos it ion  o f  the indole u n it  seems less 
probable.
Whatever the true  order o f events, i t  is  apparent tha t the 
a lte rn a t ive s  are s trong ly  influenced by the e le c tron ic  configura­
t io n  o f the indole u n i t .  As more groups o f  workers are attempting 
the synthesis o f e l l i p t i c in e  deriva tives bearing a va r ie ty  o f 
substituents in r ing  A by the type o f r ing closure reaction 
i l lu s t r a te d  above, i t  is  important tha t spectrometric data fo r  
the pyrido [ 4 , 3 - y  carbazole system should be w e ll-de fined .
To dispel any doubts about the re g io s p e c i f ic i ty  o f the r ing  
closure reaction i t  was decided to  compare a sample o f e l l i p t i c in e  
prepared in th is  labora to ry , using the method described prev ious ly , 
w ith a sample k ind ly  donated by the Swedish team o f Bergman and 
Carlsson. The Swedish compound had been synthesised according 
to the procedure ou tlined  on page 40 and had been p u r i f ie d  by sub­
l im a tion .
I n i t i a l  tes ts  by TLC showed no d isce rn ib le  d ifferences in 
re ten t ion  indices between the samples in a v a r ie ty  o f solvent 
systems and on d i f fe re n t  support m ateria ls . S im ila r resu lts  were 
achieved fo r  the more s tr in g e n t spectroscopic analyses, wherein the 
in f ra - re d ,  u l t r a - v io le t  and mass spectra were i n i t i a l l y  in d is ­
tingu ishab le . The nuclear magnetic resonance spectra recorded in
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dimethylsulphoxide so lu tion  indicated tha t the Swedish material
had a s l ig h t ly  greater water content, but in a l l  other respects
the traces were co inc iden ta l.
13However, the C nuclear magnetic resonance spectra, also
recorded in dimethylsulphoxide to f a c i l i t a t e  easy comparison with 
112,113
reported data » were markedly d i f fe re n t ,  an observation which
was d i f f i c u l t  to ra t io n a l is e .  W hilst i t  is  true tha t the two 
previously published sets o f chemical s h i f t  values are not e n t i re ly  
in  agreement w ith each other ( fo r  comparison, see Table 2 ) , the 
figu res  a t least fo l lo w  the same trend w ith  respect to th e i r  
re la t iv e  pos it ions , and have the same m u l t ip l i c i t ie s  in the o f f -  
frequency partia lly -decoupled spectrum. Assignment o f the chemical 
s h i f t  values to the carbon skeleton o f  e l l i p t i c in e  is  a matter open 
to some debate, but the Swedish sample gave a series o f chemical s h i f t  
values which bore l i t t l e  re la t io n  to  the expected f igu res .
At f i r s t  i t  seemed as i f  the anomalous spectrum was due to 
the isomer (235), since in the synthesis o f e l l i p t i c in e  by pyro lys is 
o f  the N-alkylated pyrid ine precursor (85), the Swedes report tha t 
the 6H^-pyrido [ 2 , 3 - y  carbazole (235) is  obtained on slow heating,







However, th is  p o s s ib i l i t y  was precluded when a re-examination
o f the other spectral parameters mentioned previously c le a r ly
showed th a t the two e l l i p t i c in e  samples were iden tica l in every
respect and tha t no organic im purity  was present. This led to
speculation about the presence o f an unknown paramagnetic im purity ,
and in  an attempt to confirm th is  supposition, an atomic emission
spectrum o f  the Swedish material was obtained. Inspection
revealed tha t metal ions such as iron and manganese were
indeed present in the sample, but since the concentration levels
were only s l ig h t ly  greater than normal background readings, the level
of contamination was not considered s u f f ic ie n t ly  high to account
13fo r  the observed d ifferences in the C chemical s h i f t  values.
13Table 2. E l l ip t ic in e  C chemical s h i f t  assignments
Carbon American^ Frenchll3 B r i t is h Swedish
1 149.5 152.9 149.7 143.5
3 140.4 140.9 140.5 143.1
4 115.7 115.8 123.8 142.0
4a 140.9 132.3 132.5 133.1
5 123.0 107.9 110.7 132.1
5a 142.6 140.4 140.4 128.0
6a 132.4 142.6 142.7 127.8
7 110.6 110.5 107.9 124.9
8 127.0 127.0 115.8 123.7
9 119.1 119.1 127.1 121.7
10 123.7 123.6 119.1 120.1
10a 127.9 123.3 123.3 119.2
10b 107.9 121.9 121.9 118.7
n 123.3 123.0 123.1 111.1
11a 121.9 123.3 126.9 109.4
12 14.2 14.2 14.3 14.3
13 11.8 11.8 11.9 11.5
Chemical s h i f t  values are measured in parts per m i l l io n  downfield 
from TMS. The f igu res in the f i f t h  column are in order o f 
decreasing chemical s h i f t .
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Analysis by e lectron spin resonance, on the other hand, resulted
in a s in g le t  absorption a t 2.0063 gauss, an observation which is
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consis tent w ith the presence o f some kind o f oxy-radical . The 
peak was only evident a t the l im i t  o f instrument detection and 
showed no hyperfine s p l i t t i n g .  I t  was speculated tha t the radical 
species may have arisen from the e l l ip t ic in iu m  N-oxide, Since to 
e f fe c t  c y c l is a t io n ,  the Swedish workers had heated th e i r  precursor 
in a luminous Bunsen flame at a temperature in excess o f 300° in 
the presence o f a i r .  However, th is  does not adequately explain 
why the e f fe c t  o f  the rad ica l species is  not manifest in the ^H 
nuclear magnetic resonance spectrum and as ye t th is  problem remains 
unresolved.
I t  was apparent tha t the contaminant was present only in a 
very low concentration, and simply by recrys ta l 1is ing  the Swedish 
sample from methanol a l l  traces could be removed so tha t the 
chemical s h i f ts  o f the signals in the nuclear magnetic reson­
ance spectrum o f the p u r i f ie d  compound were in  almost complete 
agreement w ith  those in  the spectrum o f the materia l prepared in 
th is  labora tory .
Having f i n a l l y  established the a u th e n t ic i ty  o f both e l l i p t i c in e  
samples,an attempt was now made a t assigning the chemical s h i f t  
values. This exercise was undertaken by comparison o f the e l l i p ­
t ic in e  data w ith model compounds from the l i t e r a tu r e  such as indole , 
carbazole, isoquino line and pyr id ine . The i n i t i a l  problem here 
was the in te rp re ta t io n  o f the nuclear magnetic resonance 
spectrum o f 1,4-dimethylcarbazole, fo r  although the French team o f 
Ahond, Poupat and Potier claim to have f u l l y  characterised th is
compound, i t  was f e l t  th a t th e i r  nuclear magnetic resonance
115assignments were not compatible w ith other published data
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In a l ip h a t ic  systems the su b s t itu t io n  o f  a hydrogen atom by 
a methyl group ty p ic a l ly  causes a s h i f t  downfield from TMS of some 
9ppm, an observation which is  termed the " a - e f fe c t " .  A s im ila r  
trend is  apparent fo r  the sub s titu t io n  o f  a p-hydrogen atom by a 
methyl group and i t  is  perhaps surpris ing  th a t the magnitude o f 
the downfield s h i f t  in the p -e ffec t should be comparable to the 
a -e f fe c t .  Methyl su b s t itu t io n  o f hydrogen atoms in  the y- 
pos it ion  also produces a consistent change in  the carbon absorption. 
This time, however, i t  is  a shie ld ing e f fe c t  and the chemical s h i f t  
is  moved u p f ie ld  by about 2.5ppm. The y -e f fe c t  appears to be 
p r im a r i ly  operative through space ra ther than along the bonds o f 
the molecule.
In aromatic compounds a s im ila r  trend is  observed, although 
the change in  chemical s h i f t  value is  smaller in magnitude. I t  
has been suggested tha t changes in the local n -e lec tron  densities are 
instrumental in determining the shie l dings in  aromatic systems^ 
and thus i t  was f e l t  tha t the unsubstituted benzenoid r ing  in 
1,4-dimethylcarbazole would remain la rg e ly  unperturbed compared 
w ith carbazole i t s e l f .  I t  was then an tic ipa ted  tha t methyl sub­
s t i tu e n ts  would tend to deshield a l l  o f  the remaining carbon centres, 






1 3Table 3 C Chemical s h i f t  assignments fo r  carbazole and 1,4- 
dimethylcarbazole
Carbon Carbazole^^^ 1 ,4-Dimethylcarbazole
*
1,4-Dimethylcarbazole
1 110.9 d 117.1 s 117.1 s
2 118.4 d 121.9 d 126.2 d
3 125.4 d 125.7 d 121.0 d
4 120.0 d 129.5 s 130.9 s
4a 122.4 s 123.5 s 121.5 s
4b 122.4 s 120.5 s 124.6 s
5 120.0 d 119.9 d 122.6 d
6 125.4 d 124.6 d 119.5 d
7 118.4 d 118.5 d 125.1 d
8 110.9 d 110.8 d - 110.6 d
8a 139.7 s 139.1 s 138.8 s
9a 139.7 s 139.9 s 139.5 s
10 16.7 q q
11 20.1 q q
>r 113
In te rp re ta t io n  according to Ahond, Poupat and P o t ie r ' .
The le t te rs  a f te r  the chemical s h i f t  values denote the m u l t ip l i c i t y  
o f  the signal in the off-frequency partia lly -decoup led spectrum, 
wherein s = s in g le t ;  d = doublet and q = quarte t
Having performed th is  operation, the in te rp re ta t io n  o f  the
e l l i p t i c in e  spectrum became much more s tra ightforw ard since i t
involved the consideration o f values from 1,4-dimethylcarbazole
and pyr id ine . Certain resonances were easy to assign as they
had occurred in  many previous samples in te rp re ted  a t Bath and
w e r^ y  now fa m i l ia r  s igna ls . The seven t e r t ia r y  carbon centres
were c le a r ly  d isce rn ib le  as doublets in the off-frequency
partia lly -decoup led  spectrum and s ix  o f these were re ad ily
assigned to  the e l l i p t i c in e  skeleton. For example, in pyrid ine
the two carbon centres adjacent to  the heteroatom resonate at
149.9 ppm. so the two lowest f i e ld  doublets were designated as
C-1 and C-3 in  e l l i p t i c in e .  S im i la r ly ,  in  indole the assignments 
fo r  C-4 to C-7 inc lus ive  fo l lo w  the trend C-7<C-6<C-4<C-5 in order
122
of increasing chemical s h i f t  measured downfield from TMS.
In e l l i p t i c in e  th is  sequence is  re f lec ted  in  the values 
110.7<115.8<119.1<127.1 ppm fo r  C-7, C-8, C-10 and C-9 respective ly . 
The remaining doublet, which corresponds to the signal a t 123.8 
ppm in the proton-decoupled spectrum, was assigned to C-4 which 
is  in exce llen t agreement w ith  the value o f 123.7 ppm reported 
fo r  the C-3 resonance in pyr id ine i t s e l f .
Some o f the quarternary carbon resonances were more d i f f i c u l t  
to assign where there was no d ire c t  re la t io n  w ith a known compound. 
In p a r t ic u la r  th is  applied to  the 11-position in  e l l i p t i c in e  which 
could best be compared w ith  the 8 -pos it ion  in  5,8-dimethyl iso ­
qu ino line , a compound fo r  which nuclear magnetic resonance 
data have not yet been reported. Nevertheless analogies could 
be drawn fo r  most o f  the signals in  a manner which is  best under­
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13Clearly C chemical s h i f t  values fo r  e l l i p t i c in e  are open to a 
va r ie ty  o f in te rp re ta t io ns  u n t i l  such time as the e f fe c t  o f s u b s t i t ­
uent groups in the pyrido [ 4 , 3 - y  carbazole system can be re l ia b ly
predicted. The chemical s h i f t  o f carbon centres bearing a hydrogen
13atom could be unequivocally determined from the C nuclear magnetic 
resonance spectra o f the corresponding deuterium analogues: In
such cases there would be no carbon-hydrogen coupling in the o f f -  
frequency partia lly -decoup led spectrum. However, the preparation 
o f a series o f such compounds would doubtless be a lengthy 
synthetic  exercise and is  beyond the scope o f th is  work.
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Synthetic e f fo r ts  towards 6-methylel1ip t ic in e  (240):
The proposed synthesis o f 6-methyle l1ip t ic in e  (240) using 
1-methylindoj^3-ol acetate (236) and 4 -ace ty l-3 -e thy lpy r id ine  (237) 
as s ta r t in g  materia ls seemed a t t ra c t iv e  because i t  was antic ipated 
tha t r ing  closure o f the indoxylidene (238) could be achieved under 
mild conditions. In add it ion  i t  was f e l t  tha t dehydration o f the 
precursor (239) might occur spontaneously to give the aromatic 
te tracyc le  in a s ing le  step, thereby dispensing with the need to 
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C yc lisa tion  o f  the indoxylidene (238) would be promoted by 
strong base to generate a carbanion in the ethyl side chain in 
much the same way as p ico ly l  anions may be obtained from the 
p ico lin es . Thus i t  was necessary to protect the indole nitrogen 
atom w ith  a methyl substituent in order to  prevent removal o f a 




32In previous work along s im ila r  l in e s ,  5-acetam ido-l-acety l-
f
ind o l-3 -o l acetate (241) was successfu lly condensed with 4 -ace ty l-
K.
3-(l-methoxy) ethyl pyr id ine (31) to give the a lky lidene indolinone 
as a mixture o f  JE- and Z- isomers, (242) and (243). Without 
separation, the mixture was treated w ith sodium borohydride in 
b o i l in g  ethanol to  give the hydroxyindoline (244), which, on 
treatment w ith hydrogen ch lo r id e , afforded the indole (245).
This product was heated under re f lu x  fo r  eighteen hours in 60% 
aqueous hydrobromic acid to e f fe c t  c y c l isa t io n  to  9-am inoellip tic ine 
(1c ,R=NH2). Unfortunate ly, the fo rc ing  conditions employed 
here to  bring about r ing  closure also encourage loss o f  the 
substituen t in the benzenoid r ing  (see Scheme 10, page 25 )
so th a t the required product is  contaminated w ith  e l l i p t i c in e  and 
the y ie ld  is  s ig n i f ic a n t ly  diminished.
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1-M ethy lindo l-3 -o l acetate (236) was prepared from a n th ra n i l ic  acid
/V
which was f i r s t  methylated using e ith e r  dimethyl sulphate or f re sh ly  
d i s t i l l e d  iodomethane in aqueous cond it ions, there being no apprec­
iab le  d if fe rence  in  the y ie ld  o f N -methylanthranilic  acid (246) which­
ever compound was employed as the a lk y la t in g  agent. Iso la t ion  
o f the product was dependent on i t s  s o lu b i l i t y  in aqueous so lu tion  
re la t iv e  to  the s ta r t in g  materia l and N ,N-dim ethylanthranilic  acid. 
The compound was then reacted w ith ch loroacetic  acid to give the 
glycine d e r iva t ive  (247) which was cyclised to the desired product 
by re f lu x in g  w ith  ace tic  anhydride in the presence o f base:
aCOoHNH. (CHglgSQr >•or CH3 I CO2H
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Two methods were compared in the preparation o f N-methyl-
phenylg lycine-o-carboxylic acid (247): I n i t i a l l y ,  N-methylanthranilic
acid was heated a t re f lu x  together w ith  ch loroacetic  acid and
sodium hydrogen carbonate in aqueous so lu t ion  fo r  twenty-four
118hours, and although i t  is  claimed th a t the y ie ld  o f th is  reaction 
is  enhanced in the presence o f a c a ta ly t ic  amount o f copper 
powder, the iso la ted y ie ld  was a disappointing 46%. The preferred 
method was an incubation technique in which separate aqueous 
solu tions o f N-m ethylanthran ilic  acid and chloroacetic  acid , 
neutra lised w ith sodium hydroxide and sodium carbonate respective ly , 
were equ il ib ra ted  a t 40° in a thermostatic water bath, then 
ra p id ly  mixed and l e f t  to stand at the elevated temperature over­
n igh t. The re su lt in g  mixture gave an almost so l id  mass which 
was dissolved in  a large volume o f water and a c id if ie d  to give 
the g lycine de r iva t ive  as a l i g h t  tan p re c ip ita te  in a much- 
improved y ie ld  o f 75%.
Ring closure to the indoxyl ester was also effected by a 
va r ie ty  o f  methods. Many other w o r k e r s ^ f a v o u r  the use 
o f sodium acetate as the base in th is  reac tion , and claim product ' 
y ie lds  o f  between 62 and 66%. I t  was found, however, tha t by 
using tr ie thy lam ine  the y ie ld  could be cons is ten t ly  increased to 
ju s t  over 70% and consequently th is  became the reagent o f choice.
The preparation o f 4 -a ce ty l-3 -e th y lp y r id in e  (237) was under­
taken using 3-ethyl pyr id ine  as the s ta r t in g  material v ia the so- 
ca lled "MSH route" developed in  th is  labora to ry , which gave 
4-cyano-3-ethylpyrid ine (248) as an o i l .  Treatment w ith methyl- 
l i th iu m  afforded the imine (249) which was immediately hydrolysed 
to the acetyl de r iva t ive  w ith re f lu x in g  30% acetic  acid.
Unfortunately a l l  o f  the intermediate compounds in  th is  reaction
131
sequence were l iq u id s  w ith th e i r  inherent handling problems which resulted 






A ctiva tion  o f the 3-ethyl pyr id ine nucleus towards attack by 
cyanide ion was achieved by formation o f  a pyridium s a l t ,  in th is  case 
the amino-mesitylenesulphonate (250). Treatment o f th is  compound 
w ith acetic  anhydride gave an unstable acetylim ide intermediate (251) 
which was immediately quarterised to the methiodide compound (252) 
by reaction w ith  excess iodomethane at re f lu x .  In th is  form, not 
only was the pyrid ine nucleus activa ted in the desired manner, but 
in  addition the 2- and 6- pos it ions were e f fe c t iv e ly  blocked to 
approaching nucleophiles by the bulky N-methylacetamide function 
attached to the heteroatom. Thus the 4- pos ition was the only 
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The aminating agent i t s e l f  was prepared according to the fo llow ing 
reaction sequence: Mesitylenesulphonyl ch lo r ide  (256) was prepared by
the action o f chlorosulphonic acid on mesitylene, w h i ls t  1-e thoxy-l- 
oximidoethane (255) was obtained from a c e to n i t r i le .  The n i t r i l e  was 
ethoxylated in  dry ether using absolute alcohol and the s a l t  (254) 
was formed by treatment w ith  dry hydrogen ch lo r ide  gas. Treatment 
o f th is  compound with potassium carbonate and hydroxyl ami ne hydro­
ch loride gave the oximidoethane (255) as a colourless o i l  which was 
condensed w ith  mesitylenesulphonyl ch lo ride  to  give 0-(mesitylene- 
sulphonyl) acetohydroxamate (257). Since mesitylenesulphonyl 
hydroxylamine (258) is  an unstable compound and may decompose v io le n t ly  
the materia l was stored as th is  precursor and hydro lys is to the aminating 
agent was ca rr ied  out as and when required, by the action o f 60% 
perch lo ric  acid.
133
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In order to ascertain whether the synthesis o f 4 -a ce ty l-3 -e th y l-
pyr id ine could be improved, a l te rn a t iv e  preparative methods were
122 123sought. The procedure developed by Wibaut and Arens ’ seemed 
p a r t ic u la r ly  a t t ra c t iv e  since the number o f steps involved is  very 
small. Accordingly, 3-ethyl pyrid ine was treated w ith ace tic  anhydride 
in the presence o f zinc powder in a reaction intended to give N,N*- 
d ia c e ty l-3 ,3 * -d ie th y lte tra h y d ro -4 ,4 * -d ip y r id y l (259). A f te r  removal 
o f the residual zinc powder and zinc acetate by f i l t r a t i o n ,  a yellow 
so lu tion  was obtained from which the excess acetic  anhydride was
"134
evaporated under reduced pressure at a moderate temperature to leave 
a yellow o i l .  This was d is t i l l e d  under vacuum as a s ing le  f ra c t io n  
b o i l in g  a t 40° a t  a pressure o f 0.15 mm Hg. However, the nuclear 
magnetic resonance spectrum o f th is  compound was d i f f i c u l t  to ra t io n ­
a l is e  in terms o f  s truc tu re  (260), being comprised o f a one-proton 
s in g le t  a t 614.2; a two-proton double doublet (2J-j=2HZ and J 2̂ " at 
68.5; a one-proton p a ir  o f t r ip le t s  = 2HZ and ^=8HZ) a t 67.63; a 
one-proton double doublet (J^g=5HZ and J^=8HZ) a t 67.27; a two-proton 
quadruplet (^y=7HZ) a t 62.66; a three-proton s in g le t  at 62.08 and a 
three-proton t r i p l e t  (^=7HZ) a t 61.24 ppm. Although the compound 
contains th ir te e n  protons, the aromatic signals are not consistent 










In fa c t  the aromatic pattern o f signals is  c lose ly  re la ted to 3- 
e th y lpy r id in e  i t s e l f ,  f o r  which the high f ie ld  double doublet arises 
from two ortho - couplings o f the C-5 proton w ith the C-4 and C-6 
protons. The resonance due to  the C-4 proton appears as a more 
complex signal because here there are two meta - couplings with the 
protons a t C-1 and C-6, as well as the ortho - coupling w ith the C-5 
proton. Protons a t C-1 and C-6 both appear a t low f ie ld  and probably 
experience s im i la r  coupling in te rac tions  w ith the C-4 proton. Thus 
the signal f o r  the proton a t C-6 appears as a double doublet which 
masks the doublet due to the C-1 proton. I t  therefore became apparent
13!
tha t the anomalous spectrum was due to an association complex 




Figure 4 Aromatic proton resonances fo r  the 3-e thy lpyr id ine  
Wibaut-Arens reaction product
I t  was not su rp r is in g , then, tha t subsequent treatment o f the 
o i l  which was aimed at promoting d issoc ia t ion  to 4 -a ce ty l-3 -e th y l- 
pyr id ine and s ta r t in g  m a te r ia l,  resulted only in the is o la t io n  o f 
unchanged 3 -e thy lp y r id ine .
Previously a t Bath, the Wibaut-Arens reductive acy la tion 
procedure has been employed w ith only l im ite d  success. The 
reaction has seldom been reprodubible, and i t  was the need fo r  an 
e f fe c t iv e  means o f  synthesising 4-substitu ted  pyrid ines which 
prompted the development o f the MSH route. The reasons fo r  th is  
apparent fa i lu r e  are not obvious, although i t  might be argued 
tha t 3 -substitu ted  pyrid ines are unsuitable fo r  th is  type o f 
reaction because o f  s te r ic  e f fe c ts .  Nevertheless, Woodward's
136
group employed th is  reaction fo r  an even more h igh ly hindered 3-
substitu ted pyrid ine substrate in th e i r  o r ig in a l e l l i p t i c in e  syn- 
20thesis . (See Scheme 1, page 15). C e rta in ly , in the preparation
o f 4-ethyl pyr id ine from pyrid ine  i t s e l f ,  as described by W ilbert,
125Reich and Tenenbaum , the reaction works well and conditions 
have been optimised so th a t the y ie ld  o f the a lky la ted product 
exceeds 75%. These workers also found tha t the reaction was best 
carr ied  out at elevated temperatures since th is  gave be tte r control 
over the v io le n t  exothermic reactions which occurred during 
ce rta in  stages o f the o r ig in a l procedure:
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I t  would have been valuable to  devote a good deal o f time to 
a more extensive study o f  the Wibaut-Arens reaction in order to 
es tab lish  i t s  scope and l im i ta t io n s  in the context o f e l l i p t i c in e  
syntheses. However, the preparation o f 4 -ace ty l-3 -e thy lpy r id ine  
was a more immediate ob jective  and fo r tu n a te ly  a second a lte rn a t ive  
became ava ilab le  which in  some respects p a ra l le ls  the use o f 1-(N-
137
acyl a lky l ami no )pyr id in i urn s a lts .  Sammes and K a tr i tzky^^^ ’ ^^^
report th a t pyrid in iopyridones o f the type (262) react w ith cyanide 
ion in aqueous so lu t io n , g iv ing e s s e n t ia l ly  exclusive attack a t the
4- pos it ion  o f the pyrid inium r in g . High y ie lds  o f the interme­
dia te dihydropyridines (263) were obtained which could be converted 
almost q u a n t i ta t iv e ly  in to  4- cyanopyridines (264) by warming to 
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I t  was decided, the re fo re , to  adopt th is  procedure fo r  the 
preparation o f 4- cyano-3-ethylpyr id ine (248) as an a lte rn a t ive  
to  the scheme i l lu s t ra te d  on page 132.
Hydroxylamine-O-sulphonic ac id , formed by the action o f  ch loro­
sulphonic acid upon hydroxylamine hydrochloride, was reacted w ith
1273 -e thy lp y r id ine  according to the method o f  Meuwsen and Gosl to 
give 1-amino-3-e thy lpyrid inium ch lo r ide  (265) as a hygroscopic 
green s o l id .  This compound was then treated w ith  dehydroacetic 
acid (266) in  b o i l in g  hydroch loric acid to  give 2 ,6 -d im e th y l- l-  
(3 -e th y l)  pyr id in io -4 -pyridone as i t s  ch lo ride  hydrochloride (267).
A saturated so lu tion  o f the double s a l t  in  absolute ethanol was 
added to  te t ra f lu o ro b o r ic  acid and s t i r r e d ,  whereupon a p rec ip ita te  
o f  the desired pyridone (268) was obtained in  a y ie ld  o f  23% from 















Reaction o f the pyridone (268) w ith  potassium cyanide in 
aqueous so lu tion  proceeded smoothly and in exce llen t y ie ld .  There 
were no s o lu b i l i t y  problems o f the kind which had previously lessened 
the e f f ic ie n c y  o f the reaction between cyanide ion and the methiodide 
s a l t  (252). Apparently, from the evidence o f  i t s  nuclear mag­
ne tic  resonance spectrum, d isp roportionation  o f the d ihydropyridrine 
species (269) occurred spontaneously to give a mixture o f 4-cyano- 













Separation o f these two compounds was su rp r is in g ly  d i f f i c u l t ,  
and eventua lly  the pyrid ine n i t r i l e  was obtained in pure form by 
fra c t io n a l d i s t i l l a t i o n  under reduced pressure. By th is  method 
o f preparation, the overa ll y ie ld  o f  the cyanide compound was a 
d isappointing 15%.
Nevertheless, th is  procedure has ce rta in  advantages over 
the MSH route , since fewer steps are involved and also because 
re a d i ly  ava ilab le  materia ls are used throughout. The major draw­
back is  w ithout doubt the poor y ie ld ,  espec ia lly  when i t  is  
considered th a t each intermediate compound is  iso la ted  as a 
s o l id .  As ye t th is  procedure has not been applied to more complex 
pyrid ines such as 3 - [ l - (3 - p y r id y l ) e th y l ] in d o le  (29) or deriva tives 
the reo f, since i t  is  known tha t the MSH route gives very good 
re su lts  fo r  th is  class o f  compounds.
When s u f f ic ie n t  qu an tit ies  had been prepared, 1-m ethy lindo l- 
3- 0I acetate (236) and 4 -a ce ty l-3 -e th y l-p y r id in e  (237) were combined 
in  aqueous methanol so lu tion  containing potassium hydroxide in a 
nitrogen-purged f la sk  which was then t i g h t l y  stoppered and l e f t  to
I * + u
stand fo r  three days. A fte r  th is  time the mixture was f i l t e r e d  
and the solvents removed under reduced pressure to leave a dark 
amorphous s o l id .  Analysis o f th is  material by TLC showed tha t i t  
comprised two major components, one o f which was deep blue in 
colour and remained v i r t u a l l y  s ta t ionary  on the p la te . I t  was 
speculated th a t th is  was the undesired in d ig o t in  by-product (270) 
re su lt in g  from the action o f base and atmospheric oxygen on 
h ith e r to  unreacted indoxyl:
270
Extensive chromatographic work was carried  out in an e f f o r t  
to obtain the major component in pure form, but a l l  attempts were 
thwarted. I t  was thought tha t the reason fo r  th is  might be tha t 
the indoxylidene would be expected to  e x is t  as spa tia l isomers 
(238a) and (238b). Since i t  was desired to have a s ing le , f u l l y -  
characterised reactant fo r  the attempted r ing  closure reaction in 
order to  determine i t s  outcome, th is  material was treated w ith 
sodium borohydride and attempts were made to p u r i fy  the re su ltan t 
product. Once again, however, column chromatography fa i le d  to 
y ie ld  a s ing le  component which could then be re c ry s ta l l is e d .  When 
a second reaction between 4-cyano-3-ethylpyrid ine and 1-m ethy lindol- 
3-ol acetate gave s im i la r  re s u lts ,  i t  became evident tha t th is  
procedure would not prove as s tra ightforw ard as had been antic ipated. 
Therefore i t  was decided to shelve th is  approach u n t i l  such time 
as new techniques became ava ilab le  which might overcome the d i f f i ­








Synthetic e f fo r ts  towards 1 0 -hyd roxye ll ip t ic ine  (271):
The importance o f hydroxylated de riva t ives  o f e l l i p t i c in e
is  now widely acknowledged. 9 -H yd roxye ll ip t ic ine  in p a r t ic u la r
112 128-130has been the subject o f numerous publications ’ , perhaps
because i t  is  one o f  the major mammalian metabolites o f e l l i p t i c in e
i t s e l f  and has been shown by Le Pecq e t ^  to be a potent a n t i -
130tumour agent. Chien and Rosazza report th a t microbial trans­
formation o f  e l l i p t i c in e  by Asperg il lus a ll iaceus gives not only 
the 9-hydroxy compound, but also smaller qu an tit ies  o f 8-hydroxy-
e l l i p t i c i n e ,  a h ith e r to  unknown compound which has been the ta rge t
131o f a recent synthesis by Dolman and Sainsbury at Bath. The 
a v a i la b i l i t y  o f a natural source o f  th is  compound was valuable in 





To date, no synthesis o f  10 -hyd roxye ll ip t ic ine  (271) has 
been recorded, and since the other phenolic de riva tives have 
been the subject o f evaluation studies against experimental tumour 
systems, i t  was f e l t  tha t preparation o f th is  compound would be a 
valuable exercise.
Accordingly, preparation o f  a s u ff ic r& n t quantity  o f 4- 
hydroxyindole (283) as i t s  methoxylated de r iva t ive  (282) became 
the i n i t i a l  ob jec t ive , since conversion o f indole systems in to  the
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desired te tracyc le  was by now a fa m i l ia r  technique. Using 2,6- 
d in itro to luene  as the s ta r t in g  m a te r ia l,  treatment w ith sodium 
polysulphide effected conversion to  2 -m e th y l-3 -n itroa n il ine  (272) 
in exce llen t y ie ld .  This m a te r ia l,  in the presence o f ac id , was 
then treated w ith sodium n i t r i t e  in  an ice bath, and the resu ltan t 
diazonium s a l t  was then re fluxed in  su lphuric  acid to give the 
phenol (273) as an orange s o l id .
The phenolic group was o r ig in a l ly  protected by converting 
i t  to  the benzyloxy function  through the action o f benzyl ch loride 
in the presence o f base. However, fears th a t the benzyloxy com­
pound (274) would be too severely s te r ic a l ly  hindered fo r  e f f ic ie n t  
reaction in subsequent steps proved to  be well-founded when 
attempts were made to oxid ise the methyl side chain.
At f i r s t  an attempt was made to  prepare 2-benzyloxy-6- n i t r o -  
benzaldehyde (276) via the benzaldiacetate (275) by tre a t in g  the 
parent compound w ith ace tic  ac id , acetic  anhydride and chromium 
t r io x id e  in the presence o f  su lphuric  acid a t depressed temperature. 
Unfortunately the expected product was not obtained in th is  reaction , 
an in t r a c t ib le  o i l  being the re s u l t .  I t  was therefore decided to  
t r y  an a lte rn a t ive  pro tec ting  group fo r  the phenolic compound in 
the hope tha t s te r ic  hindrance might be minimised about the s i te  
o f the methyl side chain.







In th e i r  preparation o f 2-methoxy-6-nitrotoluene (278), Roberts,
132
Wiles and Kent used dimethyl sulphate in the presence o f anhy­
drous potassium carbonate to a lky la te  the phenol. No y ie ld  was
recorded fo r  th is  reac tion , however, and i t  was f e l t  tha t the phase-
133tra ns fe r  c a ta ly t ic  procedure developed by McKillop, Fiaud and Hug 
might be useful here since the phenolic substrate was s l ig h t ly  h in ­
dered. Furthermore, reaction in aqueous so lu t ion  proceeds via 
the phenoxide ion (277), which is  des tab il ised  through having a n i t ro  













The phase-transfer technique takes advantage o f the l im ited  
population o f  phenoxide ions, which are converted in to  the corres­
ponding quaternary ammonium phenoxide in  the aqueous phase. This 
l a t t e r  s a l t  has a d iscre te  s o lu b i l i t y  in the organic phase and 
consequently transport o f  the phenoxide ion in to  the organic layer 
is  followed by rapid i r re v e rs ib le  a lk y la t io n  and formation o f the 
methyl ether (278). This product remains la rg e ly  dissolved in 
the organic layer and is  thus e f fe c t iv e ly  removed from the reaction 
m ixture, thereby encouraging the equ il ib r ium  to proceed in the 
desired d ire c t io n .
By using benzyl tri-n-butylammonium bromide^^^ as the phase- 
t ra n s fe r  ca ta lys t  here, i t  was possible to  obtain 2-methoxy-6- 
n itro to luene  in be tte r than 90% y ie ld  from the phenol (273) in
145
what might otherwise have been a reaction o f  somewhat modest y ie ld
Before subjecting the methoxy compound to  the rigorous o x i­
dation conditions previously described, a model reaction was carried 
out using 2 ,6 -d in itro to luen e  as the te s t  substance. At the depressed 
temperature th is  procedure returned unchanged s ta r t in g  material so 
the reaction was repeated, a llowing the temperature o f the reaction 
mixture to  r ise  to 20° a f te r  the add it ion  o f  sulphuric acid .
Normally, th is  would have been expected to re s u l t  in  complete oxida-
135t io n  o f the side chain to a carboxy lic  acid group , but once again 
2 ,6 -d in itro to lu e n e  was iso la ted  as the sole product. These obser­
vations ind icated tha t s te r ic  hindrance about the a lky l side chain 
was re a l ly  qu ite  acute and th a t perhaps an a l te rn a t iv e  method 
should be sought. Nevertheless, when the methoxy compound was 
treated in  th is  manner, a modest y ie ld  o f  2-methoxy-6-n itrobenza l-  
d iacetate (279) was obtained and th is  material was then hydrolysed 
in re f lu x in g  sulphuric acid to  give 2-methoxy-6-nitrobenzaldehyde 
(280) in an overa ll y ie ld  o f  8%. Under these circumstances i t  
became apparent tha t preparation o f 4-methoxyindole v ia the scheme 
i l lu s t r a te d  over was not re a l ly  a v iab le  p ropos it ion .
Moreover, a large quan tity  o f  the indole (282) would have to 
be prepared in order to ensure th a t a s u f f ic ie n t  amount o f 4- 
m e th o xy -3 - [ l - (3 -p y r id y l)  e th y l ]  indole (284) could be obtained 
through reaction o f the Grignard de r iva t ive  w ith  3 - ( l - c h lo re th y l )  
pyr id ine  (73). Thus i t  was f e l t  th a t preparation o f the corres­
ponding indoxyl (288) v ia the scheme i l lu s t r a te d  below might u l t i ­
mately prove more successful, since th is  required tha t the methyl 
side chain should be oxidised to a carboxylic  acid group, a trans­
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Accordingly, 2-methoxy-6-nitrotoluene (278) was mixed w ith 
potassium dichromate as sulphuric acid was added cau tious ly . A fte r 
completion o f the a d d it io n , the mixture was brought slowly to the 
bo il and re fluxed s te a d ily  fo r  about h a l f  an hour. On work-up, 
however, analysis by TLC ind icated tha t only unreacted s ta r t in g  
materia l was présent, even when the reaction Was repeated w ith a 
prolonged period o f re f lu x  during an e n t ire  weekend. Consequently 
an a lte rn a t iv e  method was sought: Treatment o f the methoxy compound
with  potassium permanganate was a t leas t p a r t ia l l y  successful in 
e f fe c t in g  conversion to  the acid (285). However, 47% o f the 
s ta r t in g  material was returned unchanged and thus the iso la ted y ie ld  
o f  2-methoxy-6-nitrobenzoic acid was only 27%. Whilst th is  y ie ld  
could be enhanced when the unconsumed s ta r t in g  material was recycled, 
a large number o f repeat reactions was necessary to prepare s u f f i ­
c ie n t acid fo r  conversion in to  the a n th ra n i l ic  acid de riva t ive  
(286). Regrettably, thére was in s u f f ic ie n t  time to complete th is  
process and the work was suspended at the benzoic acid stage.
Recently a new synthesis o f 3 - [ l - ( 3 - p y r id y l ) e th y l ]  indole
136(293) has been devised a t Bath using the pyrid ine aldehyde 
(291). This key intermediate is  obtained from 3-acetyl pyrid ine 
by a W it t ig  reaction w ith  triethylphosphonoacetate to give the 
unsaturated ester (289) which is  reduced to the saturated compound 
(290) by c a ta ly t ic  hydrogenation. Reduction o f  the ester function 
is  achieved in  exce llen t y ie ld  using diisobutylaluminium hydride to 
give the desired aldehyde (291). Reaction o f th is  compound with 
a su ita b ly  substitu ted  ary l hydrazine gives a hydrazone (292) which 
may be cyclised to  the indole using Fischer conditions. I t  has 
been observed th a t 3 -substitu ted  ary l hydrazines give r is e  to 4-
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and 6- substitu ted indoles in the approximate ra t io  o f 3 :1 , and 
i t  is  hoped tha t in the near fu tu re  th is  technique might be used 
to prepare 4 -m e th o xy -3 - [ l- (3 -p y r id y l)e th y l]  indole (284), as well 
as the corresponding 6-methoxy compound, in s u f f ic ie n t  quantity  to 




















E X P E R I M E N T A L
EXPERIMENTAL
Preparation o f 3-(1-hydroxyethy1) pyr id ine  (145)
To 3-ace ty lpyr id ine  (275g, 250cm^) dissolved in ethanol (Idm^), 
was added sodium borohydride in small portions over a period o f 
t h i r t y  minutes With s t i r r in g .  The temperature was maintained below 
30° by means o f an ice bath, and the reaction was judged to be 
complete by the observation o f  a constant u l t r a  v io le t  spectrum. 
D is t i l le d  water (100cm ) was then added and the ethanol was removed 
by evaporation under reduced pressure. The re su lt in g  yellow s lu rry
o
was d i lu te d  w ith d i s t i l l e d  water (750cm ) and extracted w ith ch loro- 
form (5 X 200cm ). The organic extrac ts  were combined and dried 
over magnesium sulphate. A f te r  f i l t r a t i o n  the solvent was removed 
under reduced pressure to give a pale yellow o i l  which was d is t i l l e d  
under vacuum (90°, 0.3mmHg) to y ie ld  the product as a colourless 
o i l y  l iq u id  (240g, 87%).
N.M.R. ôCCDClj) 8.51(1H,d,J=2HZ,H-2),
8.41 (lH,dd,J=2HZ and J=5HZ,H-6), 
7.81 (lH ,dt,J= lHZ and J=8HZ,H-4), 
7.29 (lH,dd,J=5HZ and J=8HZ,H-5), 
5.40 (lH,bs,OH),
4.90 (IH.q.JkGHZ.CHCHg), 
and 1.47 (3H,d,^=6HZ,CHCĤ 2^PPf^>
l.R . vmax 3250b(0-H) and 1410(0-H)cm"\
U.V. Xmax 255,260 and 266nm,
M.S. m/e ( re l . in t .% )  123(M+,45), 108(100) and 80(39),
b.p. 90° (0.3mmHg).
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Preparation o f 3 - ( l -c h  lo ro e th y l)  pyr id ine (7 3 ):
3 -( l-hyd roxye thy l)  pyr id ine (20g) was dissolved in dry toluene 
(50cm ) and cooled in an ice bath. F re s h ly -d is t i l le d  th iony l ch loride 
( 120cm ) was added dropwise w ith s t i r r in g  to give a cloudy suspension. 
The mixture was evaporated under reduced pressure to give a yellow 
j e l l y  which was dissolved in iced water (50cm ) and washed with
3
ether (3x20cm ). The aqueous suspension was made basic w ith so lid
3
sodium hydrogen carbonate and extracted w ith ether (3x100cm ).
The combined organic extracts  were washed w ith water, dried over 
sodium sulphate, f i l t e r e d  and the solvent evaporated under reduced 
pressure to  give the ch lo rinated compound as an unstable pale 
yellow l iq u id  (22g, 96%).
N.M.R. 6 (d® DMSO) 8.70 (lH,d,J=2HZ,H-2),
8.55 (1H,dd,J=2HZ and J=5HZ,H-6),
7.92 (1H,dt,J=2HZ and J=9HZ,H-4),
7.42 (1H,dd,J=5HZ and J=9HZ,H-5),
5.39 (lH,q,J=7HZ,CHCH3), 
and 1.82 (3H.d,J=7HZ,CHCH3)ppm
l.R .  vmax 1580 (Ar)cm .
Preparation o f  3 - [ l - (3 - p y r id y l) e th y l ] in d o le  (29 ):
a . From indolylmagnesium bromide and 3 - ( l-c h lo ro e th y l)p y r id ih e (7 3 ) : 
Dry magnesium turnings (3.4g, 0.14 mole) were placed in a 100cm 
round-bottom, three neck f la s k  under a stream o f n itrogen, and then
3 3
anhydrous ether (20cm ) was added. Bromoethane (10.8cm ,15.8g,
0.145 mole) was dissolved in  anhydrous ether (25cm ) and a few drops 
o f  th is  so lu tion  were added to  the contents o f  the f la sk  to i n i t i a t e  
reac tion . When a s l ig h t  cloudiness was d isce rn ib le , s t i r r in g  was 
commenced and the remainder o f  the bromoethane so lu tion  was added 
at a ra te which maintained the ether a t re f lu x  temperature. A fte r
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f o r t y - f i v e  minutes the magnesium had dissolved to leave a cloudy 
grey suspension. The ethereal so lu t ion  o f  ethylmagnesium bromide 
was cooled in an ic e -s a l t  bath and a so lu t ion  o f indole (16.6g,
q
0.142 mole) in anhydrous ether (50cm ) was added dropwise over a 
period o f h a l f  an hour. The re su lt in g  suspension was allowed to 
warm to room temperature and was s t i r r e d  fo r  a fu r th e r  hour.
The reaction mixture was then cooled in  an ic e -s a l t  bath and 
3 - ( l - c h o lo re th y l ) pyr id ine was added in a s ing le  portion w ith s t i r r in g ,  
S t i r r in g  was maintained fo r  a fu r th e r  fo r ty -e ig h t  hours while the 
contents o f  the f la s k  warmed slowly to room temperature, during 
which time a colour change from pale grey to dark brown was observed. 
The dark product was cooled to 0° and extracted w ith  hydrochloric
q
acid (5x50cm ,2M). The combined extracts  were washed w ith ether and 
bas if ied  by the cautious add it ion  o f  concentrated ammonia so lu tion  
when a pale yellow f lo ccu la te  separated. The mixture was extracted 
w ith chloroform (3x100cm ) and the combined extracts  were dried 
over magnesium sulphate, f i l t e r e d  and the solvent evaporated under 
reduced pressure to give an o i l .  The o i l  was t r i tu ra te d  with 
ether to give a pale straw-coloured so lid  which was co llected 
a t the pump and washed w ith e ther. R ecrys ta l l isa t ion  from ethanol 
afforded the product as white prisms (3.3g,21%).
b. From indolylmagnesium bromide and 3 - ( l -c h lo ro e th y l)p y r id in e ; 
optimised conditions:
A small but s ig n if ic a n t  improvement in the y ie ld  o f th is  reaction 
was achieved by using a greater d i lu t io n  o f the reagents in  
anhydrous ether so th a t a f te r  the add ition  o f indole a to ta l  volume o f
3
200cm o f ether had been used. P a rt ia l homogenisation o f the 
indolylmagnesium bromide suspension was brought about by adding
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3 - ( l -c h lo ro e th y l)p y r id in e  dropwise as a so lu tion  in dichloromethane 
(lOcm^).
F in a l ly ,  in the ex trac tion  procedure, the product was exhaustively 
extracted w ith hot d i lu te  hydrochloric acid (ca.5x200cm ) u n t i l  
very l i t t l e  o f the dark brown gum remained. In th is  way i t  was 
possible to iso la te  the product in 24% y ie ld .
N.M.R. ô(d^-DMSO)
2' 3' 3a 4' 5' 6 ' 7' 7a CHCH3
126.2d 118.3s 123.2s 121.Od 121.8d 118.6d 111.4d 141.5s 3 3 .9d
CHCH3 2 3 4 5 6
21.9q 148.8d 131.4s 136.7d 121.Od 147.Od ppm,
N.M.R. 6(CDC1 ) 9.58 (IH.bs.NH),
8.66 (1H,d,J=2HZ,H-2),
8.45 (1H,dd,0=2HZ and J=6HZ,H-6) ,
7.70-6.95 (7H.complex.H-4.H-5.H-2',H-4',H-5'.H-6' and H -7 ') ,  
4.50 (1H,q,J=8HZ, CHCH3),  
and 1.82 (3H,d,J=8HZ,CHC^)ppm,
l.R . vmax 3150 (N-H),1590 and 1580 (Ar)cm \
U.V. Xmax 229,270,280 and 291 nm,
M.S. m/e (re1 .in t.% ) 222 (M+,60), 207(100) and 144(14),
M.P. 173°(11t.4T'4Z, 173-174°).
c. From indolylmagnesium bromide and 3 - ( l -c h lo ro e th y l)  p y r id in e ; 
inves tiga tion  o f reaction t im e :
Using the above procedure, a series o f  fou r experiments was 
conducted in which the s t i r r in g  time was varied a f te r  the add it ion  
o f 3 - ( l -c h lo ro e th y l)  pyrid ine was complete. Reaction mixtures 
were then worked up in the customary way. The s t i r r in g  times and 
y ie lds  o f  iso la ted product are tabulated below:
15:
STIRRING TIME/h YIELD/g (%)
2 0.5 (3)
24 1.7 ( 11)
48 3.8 (24.5)
170 3.7 (24)
d. From indol -3 -y1 -3 -pyr idy l methanone (111) and methyl l i th iu m : 
Methyl l i th iu m  so lu tion  in hexane (24.2cm, 1.24M, 0.03 mole)
3
was placed in  a 100cm round-bottom, three-neck f la sk  under a stream 
of dry n itrogen, then in d o l-3 -y l-3 -p y r id y l  methanone (111)
(2.22g, 0.01 mole) suspended in dry toluene (50cm ) was added drop- 
wise to the s t i r r e d  so lu tion  over a period o f  about twenty minutes.
The temperature was maintained below -5° using an ic e -s a l t  bath 
and s t i r r in g  was continued overnight w h i ls t  the reaction mixture 
gradually warmed to room temperature. The excess organometallic 
reagent was then decomposed by the cautious add ition  o f a so lu tion  
o f ammonium ch lo r ide  (lOg) in water (40cm ). The organic layer was 
separated, washed w ith b r ine , dried over magnesium sulphate, 
f i l t e r e d  and the solvent evaporated under reduced pressure to give 
a yellow s o l id .
This materia l showed two major spots on TLC, ne ither o f which 
corresponded to the s ta r t in g  ketone (111). Attempts to recrys ta l 1i se 
the product or separate the components chromatographically were 
unsuccessful and consequently no s a t is fa c to ry  NMR data were 
recorded.
l.R . vmax 3150 (N-H), and 1620 (conjugated C=C) cm” \
U.V. Xmax 270,290 and 315nm,
M.S. m/e ( re l . in t .% )  220 (M+.5), 92(44) 91(44) and 88 (100).
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The product from the above reaction was treated with a va r ie ty  
o f reducing agents in an attempt to e f fe c t  conversion to 3 - [ l - ( 3 - p y r id y l )  
e th y l ]  indole:
i .  Reaction w ith sodium borohydride:
A portion o f the yellow so lid  (0.5g) was dissolved in  ethanol 
and the s t i r re d  so lu tion  was treated w ith  portions o f sodium boro­
hydride u n t i l  a constant u l t r a  v io le t  spectrum was observed. The 
excess borohydride was decomposed by the add it ion  o f acetone, 
re su lt in g  in a yellow s lu r r y .  The solvent mixture was evaporated
under reduced pressure and the orange-coloured residue was pa rt i t ion ed
3 3between chloroform (50cm ) and water (50cm ). The organic phase
was separated, dried over magnesium sulphate, f i l t e r e d  and the solvent
removed under reduced pressure to give an orange s o l id .  Analysis
o f th is  material by TLC showed i t  to be a multi-component m ixture.
The main peaks in the mass spectrum are recorded below:
M.S. m/e ( r e l . in t .% )  222(77), 208(100), 207(98) and 144 (38).
i i .  Reaction w ith  l i th iu m  aluminium hydride:
The yellow so l id  (0.5g) was dissolved in fre sh ly  d i s t i l l e d
q
anhydrous tetrahydrofuran (50cm ) and was treated w ith l i th iu m  
aluminium hydride at room temperature. A f te r  s t i r r in g  fo r  several 
hours the excess reducing agent was decomposed by the cautious addition 
o f potassium sodium ta r t ra te  so lu t ion  and the mixture was f i l t e r e d  
a t the pump to remove the p rec ip ita ted  s a lts .  The p re c ip ita te  was 
thoroughly washed w ith te trahydro furan. The organic solvents were 
removed by evaporation under reduced pressure to leave a suspension
q
in water which was extracted in to  chloroform (2x20cm ). The organic 
extracts were combined, dried over magnesium sulphate, f i l t e r e d  and 
the solvent removed under reduced pressure to give a buff-co loured
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so l id .  The iso la ted material proved to be almost iden tica l w ith the 
s ta r t in g  compound on TLC and there was no evidence in the mass spec­
trum to suggest tha t the desired 3 - [ l - ( 3 - p y r id y l ) e th y l]  indole had 
been formed.
i i i .  Reaction w ith  hydrogen on platinum oxide:
A portion o f the yellow so lid  (0.5g) was dissolved in ethanol 
( 100cm ) and hydrogenated under a pressure o f 120 p . s . i .  o f hydrogen
in the presence o f platinum oxide fo r  about twenty hours. The
reaction mixture was f i l t e r e d  through Kieselguhr and the f i l t r a t e  
evaporated to a gum under reduced pressure. The gum was dissolved
in a l i t t l e  chloroform and eluted through a short column o f s i l i c a
gel. The combined fra c t io n s  were dried over magnesium sulphate, 
f i l t e r e d  and the solvent removed under reduced pressure to give a 
buff-coloured s o l id .  This compound was found to be the same as 
the s ta r t in g  material on examination by TLC.
e. From in d o l-3 -y l-3 -p y r id y l  methanol (112) and methyl l i th iu m :
A so lu tion  o f methyl l i th iu m / l i th iu m  bromide complex in d ie thy l 
ether (12cm , 1.3M, 0.017 mole) was placed in a small round- 
bottom f la s k  carry ing a steady stream o f dry nitrogen and the apparatus 
was immersed in an ic e -s a l t  bath. A so lu tion  o f in d o l-3 -y l-3 -p y r id y l  
methanol (112) (1.12g, 0.005 mole) in  anhydrous tetrahydrofuran 
( 20cm ) was added dropwise to the s t i r r e d  contents o f the f la sk  and 
the mixture was allowed to warm to room temperature slowly overnight. 
The excess organometallic reagent was then decomposed by the cautious 
addition o f  a so lu tion  o f ammonium ch lo ride  (lOg) in water (40cm ).
The organic layer was separated, dried over magnesium sulphate, 
f i l t e r e d  and the solvent removed under reduced pressure to give an 
in t r a c t ib le  gum. Analysis o f th is  material by TLC showed i t  to  be
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very complex in nature and no fu r th e r  inves tiga tion  was carried out. 
f . From is a t in  and 3 - ( l - c h lo ro e th y l ) pyr id ine (73):
q
Dry magnesium turnings (0.4g) were placed in a 100cm round- 
bottom, three-neck f la sk  and a so lu tion  o f  3 - ( l-ch lo ro e th y l )
q
pyrid ine (2g) in dry ether (40cm ) was allowed to run in to  the f la sk  
u n t i l  the magnesium turnings were ju s t  covered. The reactants 
were then l e f t  to stand but the reaction did not commence. S t i r r in g  
fa i le d  to i n i t i a t e  the reac tion , as did the addition o f a c rys ta l 
o f  iodine and warming the so lu t ion  to re f lu x  temperature in a 
water bath.
In a second attempt to react 3 - ( l - c h lo ro e th y l ) pyrid ine w ith 
is a t in ,  the l i th iu m  organometallic reagent was prepared in the fo llow ing 
manner: Lithium (0.4g, 4 mole equivalents) was cut in to  small pieces
3
and allowed to drop d i re c t ly  in to  a 100cm round-bottom, three-neck 
f la sk  containing r igo rous ly  dried tetrahydrofuran (20cm ). In th is  
way the b r ig h t lu s tre  was maintained on the surface o f the metal.
A so lu tion  o f 3 - ( l-c h lo ro e th y l ) pyr id ine (2g) in anhydrous te t ra -  
hydrofuran (20cm ) was allowed to drop slowly onto the s t i r re d  
contents o f the f la s k .  A fte r  a time a yellow colouration was 
d isce rn ib le  which deepened to orange and eventually became red.
When the add ition  was complete the mixture was refluxed fo r  t h i r t y  
minutes and then f in e ly  powdered is a t in  ( l . l g ,  0.5 mole equivalents) 
was added in a s ing le po rt ion . The mixture was refluxed fo r  a 
fu r th e r  two hours and then l i th iu m  aluminium hydride (0 . 6g ,1.2 
mole equivalents) was added. The mixture was refluxed fo r  two more 
hours, and when cool the excess reducing agent was decomposed by the 
cautious add it ion  o f water. The product was iso lated by extrac tion  
in to  ether (3x200cm^), drying over anhydrous sodium sulphate and
T5T
f i l t e r i n g .  The solvent was removed under reduced pressure to give 
an orange o i l .  This was taken up in a l i t t l e  chloroform and
t r i tu ra te d  w ith petroleum ether to give a buff-co loured so lid  which
was co llected at the pump. Analysis o f th is  compound by TLC on s i l i c a  
in 5% methanolic chloroform so lu tion  showed several components, 
none o f  which corresponded w ith e i th e r  s ta r t in g  materia ls or the 
desired 3 - [ l - ( 3 - p y r id y l ) e th y l ]  indole. The iso la ted product did 
not have a sharp melting po in t and a s a t is fa c to ry  nuclear magnetic 
resonance spectrum could not be obtained. 
l.R . vmax 3260 vb (0-H), 1715 (C=0) and 1600 (A r)c m "\
U.V. Xmax 215,260,265 and 272 (sh) nm,
M.S. m/e ( re l . in t .% )  254 (M+,3), 212(28), 210(39), 195(93) and 106(100)
Preparation o f in d o le -3 -y l-3 -p y r id y l methanone (111):
a. Preparation o f potassium n ic o t in a te :
N ico t in ic  acid (35g) was suspended in  a mixture o f ethanol
3 3( 100cm ) and water ( 100cm ) and the mixture was s t i r re d  continuously
while potassium hydroxide p e l le ts  (16g, 1 mole equivalent) were
added tn several portions. A fte r  completion o f  the add ition  the
mixture was s t i r re d  fo r  a fu r th e r  t h i r t y  minutes during which time
the suspension cleared to a colourless so lu t ion . The solvents were
removed under reduced pressure to give a white powder which was
dried overnight in a vacuum oven a t 110°C (44g, 96%).
b. Preparation o f n ico tinoy l c h lo r id e :
F inely ground dry potassium n ico t ina te  (32g) in anhydrous toluene
q
(150cm ) was c h i l le d  in an ice bath while f re s h ly  d i s t i l l e d  oxalyl
q
ch lo ride  (25g)in anhydrous toluene (50cm ) was added dropwise. The 
mixture was s t i r re d  fo r  t h i r t y  minutes, brought to  b o i l in g  over a 
fu r th e r  t h i r t y  minutes and maintained a t re f lu x  temperature fo r  a
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s im ila r  period. A fte r  cooling in an ic e -s a l t  bath the so lu t ion  was
used d i re c t ly  fo r  reaction w ith  Grignard reagents. This procedure
43is reported to e f fe c t  an 80% conversion to the acid ch lo ride  .
c. Preparation o f  in d o l-3 -y l-3 -p y r id y l  methanone:
A so lu tion o f indo ly l magnesium bromide (61g, 0.28 mole) in
q
anhydrous ether ( 200cm ) was added dropwise to  a mechanically s t i r re d  
so lu tion  o f n ico tinoy l ch lo r ide  (0.19 mole) cooled in  an ic e -s a l t  
bath. The mixture was s t i r r e d  overnight a t room temperature when 
the organometallic complex was hydrolysed by the cautious add it ion
3
o f saturated ammonium ch lo r ide  (30cm ). The re su lt in g  dense 
yellow p re c ip ita te  was f i l t e r e d ,  washed w ith water and then e ther, 
and re c ry s ta l l is e d  twice from ethanol to give the ketone as co lour­
less le a f le ts .  A second crop o f product was obtained from the 
aqueous washings a f te r  b a s i f ic a t io n  and ex trac t ion  with chloroform. 
(25.7g, 61%; 41% re la t iv e  to indole)
N.M.R. 5(d®-DMS0)
2' 3' 3a 4' 5' 6 ' 7' 7a CO
123.4d 124.5s 126.1s 121.5d 122.Id 115.2d 112.3d 136.9s 187.9s
2 3 4 5 6
151.7d 136.1s 135.8d 123.3d 148.9d ppm,
’ h N.M.R. 6(d®-DMS0) 8.94 (1H, d,J=2HZ, H-2),
8.77 (1H,dd,J=2HZ and J=5HZ, H-6 ) ,
8.36-8.08 (2H, complex, H-4 and H -4 ') ,
8.02 (IH, s ,H -2 "),
7.65-7.20 (4H, complex, H-5,H-5‘ ,H-6 ' and H-7') ppm,
l.R . vmax 3150 (N-H), 1590 (C=0) and 1580 (Ar) c m " \
UV Xmax 257, 268 and 320nm,
M.S. m/e ( re l . in t .% )  222 (M+,81), 144 (100), 116(25) and 89(23),
m.p. 210- 212° ( 1i t . 43. 44_ 210- 211° ) .
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Preparation o f 2 -(3 -pyr idy l)-4 ,5 -d ihyd ro im idazo le  (107):
3-Cyanopyridine (31g, 0.3 mole) was s t i r re d  a t 100° w ith  1,2- 
diaminoethane (20cm , 1 mole equivalent) in the presence o f  a 
c a ta ly t ic  amount o f sulphur ( Ig )  fo r  fou r hours. The mixture was 
allowed to cool overnight to  give a so l id  which was re c ry s ta l l is e d  
from a c e to n it r i le  as white needles (39 .7g, 90%). 
m.p. 53° ( l i t . 3^ 54°).
Preparation o f 1 ,3 -d ia c e ty l -2 - (3 - in d o ly l ) - 2 - (3 -p y r id y l ) imidazoline (108) 
The dihydroimidazole (107) (29.4g, 0.2 mole) was s t i r re d  fo r
3
about t h i r t y  minutes in acetic  anhydride (50cm ) and then a so lu tion 
o f indole (23.4g, 1 mole equiva lent) in ace tic  anhydride (50cm ) 
was added with cooling. The so lu tion  was s t i r re d  overnight and 
the resu lt ing  so lid  product was f i l t e r e d  a t the pump and washed 
with d ie thy l ether to give a l i g h t  brown coloured so lid  (56.4g, 81%). 
l.R . vmax 3150 (N-H) cm"^. 
m.p. 260°
Preparation o f in d o l-3 -y l-3 -p y r id y l  methanone (111):
The imidazoline (108) (26.9g) was heated with sodium hydro-
3 3xide (5g) in ethanol (125cm ) and water (25cm ) fo r  two hours.
The reaction mixture was poured onto ice (lOOg) and the t i t l e
compound was f i l t e r e d  o f f  as a colourless s o l id .  R ecrys ta l l isa t ion
from ethanol gave the product as needles (14g, 80%). 
m.p. 210-211° ( l i t . 43,44 210-211°).
Preparation o f in d o l-3 -y l-3 -p y r id y l  methanol (112):
In d o l-3 -y l-3 -p y r id y l methanone (111) (2.5g) was dissolved in 
ethanol (100cm ) and the mixture was cooled in an ice bath. Sodium 
borohydride was added in small portions w ith s t i r r in g  and the end 
point o f the reaction was marked by the observation o f a constant
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u lt ra  v io le t  spectrum. Excess borohydride was decomposed by the 
dropwise addition o f acetone. The solvent mixture was evaporated
under reduced pressure and the residue was pa rt i t io n e d  between water
3 3(100cm ) and chloroform (100cm ). The organic phase was separated,
dried over magnesium sulphate, f i l t e r e d  and the solvent removed
under reduced pressure to give a pale yellow o i l  which ra p id ly ........................
c ry s ta l l is e d  to a s o l id .  This was re c ry s ta l l is e d  from ethanol to
give colourless le a f le ts .  (1.8g, 73%).
33c N.M.R. 6(d®-DMS0)
2' 3' 3a 4' 5' 6 ' 7' 7a CHOH
122.9d 118.8s 125.5s 119.2d 122.8d 118.4d 111.4d 140.9s 37.7d
2 3 4 5 6
148.Od 132.6s 133.8d 121.Od 147.6d ppm,
3h N.M.R. 6(d®-DMS0) 10.94 (1H,bs,NH),
8.69 (1H,d,J=2HZ,H-2),
8.45 (1H,dd,J=2HZ and J=5HZ, H-6) ,
7.85 (1H,dt,J=2HZ and J=8HZ,H-4),
7.60-6.84 (6H, complex, H -5 ,H -2 ',H -4 ',H -5 ',H -6 ' and H -7 ') ,
6.07 (1H,d,J=4HZ,CH0H), 
and 5.79 (lH,d,J=4HZ, CHOji) ppm,
l.R . vmax 3270 (0-H), 3140 (N-H), 1580 (Ar) and 995 (C-0) cm'^,
U.V. Xmax 223,268,280 and 288 nm,
M.S. m /e (re l. in t .% ) 224 (M+,89), 207(77), 206(100), 205(94), 146(32),
144(11) and 118(47),
m.p. 154°
Preparation o f in d o l-3 -y l-3 -p y r id y l  methane (114):
In d o l-3 -y l-p y r id y l  methanone (111) (5.0g) in hot ethanol 
(>60°) was treated portionwise w ith sodium borohydride u n t i l  a 
constant u l t ra  v io le t  spectrum was observed. The so lu tion  was
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allowed to cool and excess reducing agent was decomposed by the 
addition o f water (10cm ). The solvent mixture was evaporated
under reduced pressure and the residue was pa rt i t ion ed  between
3 3water (100cm ) and chloroform (100cm ). The organic layer was
separated, dried over magnesium sulphate, f i l t e r e d  and the solvent
removed under reduced pressure to give an orange o i l .  T r i tu ra t io n
w ith ether gave a s o l id  which re c ry s ta l l is e d  from ethanol as near-
colourless prisms (2.2g, 47%).
3h N.M.R. 6(d®-DMS0) 10.94 (IH.bs.NH),
8.56 (lH,d,J=2HZ,H-2),
8.32 (lH,dd,J=2HZ and J=5HZ, H-6 ) ,
7.60 (lH,dt,J=2HZ and J=5HZ, H-4),
7.48-6.84 (6H, complex, H -5 ,H -2 ',H -4 ',H -5 ',H -6 ' and H -7 ') ,  
and 4.17 (2H,s,CH2)PPm,
l.R . vmax 3140 (N-H) and 1580 (A r)c m " \
U.V. Xmax 235, 270, 284, and 292 nm,
M.S. m ^  ( re l . in t .% )  208,(M+,56) and 92(100), 
m.p. 155-156° ( l i t . 4 3 '4 4  157-158°; l i t . ^ ^  154-156°).
Preparation o f 1 -pheny lsu lphony lindo l-3 -y l-3 -pyridy l methanone (127):
Under an atmosphere o f dry n itrogen, crushed potassium hydroxide 
p e l le ts  (5.1g) were dissolved in  dimethyl sulphoxide (45cm ) which 
had been dried over molecular sieves. A fte r  s t i r r in g  fo r  ten minutes 
to form the anion, the presence o f which was indicated by a s l ig h t  
pink co lou ra tion , in d o l-3 -y l -3 -p y r id y l  methanone (111) (5.0g) was 
added in a s ing le  po rt ion . The mixture turned a deep red colour 
and was s t i r re d  fo r  three hours to form the indole anion. The 
mixture was then placed in an ice bath and phenyl sulphonyl ch lo ride  
(8 . 0g , 6 . 0cm ) was added dropwise, maintaining the temperature below
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20°. The so lu tion was s t i r re d  fo r  a fu r th e r  f o r t y - f iv e  minutes 
and then d i s t i l l e d  water (30cm ) was added cautious ly  to prevent 
an increase in temperature. A fte r  f i f t e e n  minutes a fu r th e r
quantity  o f water (75cm ) was added and a yellow p re c ip ita te  formed
which was f i l t e r e d  a t the pump and washed copiously w ith d ie thy l 
ether. The residue was sucked dry and re c ry s ta l l is e d  from b o i l in g  
methanol to give the product as yellow  prisms (5.1g, 63%).
3h N.M.R. 6(d®-DMS0) 9.06 (lH,d,J=2HZ, H-2),
8.86 (1H,dd,J=2HZ and J=5HZ, H-6 ) ,
8.44 (IH , s ,H -2 ') ,
8.36-8.12 (4H, complex, H-4,H-7 ', H-2" and H-6" ) ,
8.02 (lH,dd,J=lHZ and J=7HZ, H-5),
and 7.82-7.40 (6H, complex, H -4 ',H -5 ',H -6 ',H -3",H -4"
and H-5") ppm,
l.R . vmax 1625 (0=0) and 1580 (Ar) cm ~\
U.V. Xmax 208, 233 and 303 nm,
M.S. m/e ( re l . in t .% )  362 (M+,67), 284(17), 221(46), 193(52), 144(28),
141(35) and 77(100),
m.p. 132-134°
(Found: 0,66.6; H,4.0; N,7.8.
^20^14^2^3^ requires: 0,66.3; H,3.9; N,7.7%).
Preparation o f 1-a c e ty l in d o l-3 -y l -3 -p y r id y l  methanone (128):
In d o l-3 -y l-3 -p y r id y l  methanone (111) (3.0g) was treated w ith 
acetic anhydride (15cm ) and the mixture re fluxed fo r  one hour.
The excess reagent was removed under reduced pressure to leave a
brown gum which was p a r t i t io n e d  between saturated sodium hydrogen
3 3carbonate so lu tion  (20cm ) and chloroform (50cm ). The organic
layer was separated, washed w ith  water, dried over magnesium sulphate.
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f i l t e r e d  and the solvent evaporated under reduced pressure to give 
an orange o i l  which slowly c ry s ta l l is e d  on standing. The product 
was re c ry s ta l l is e d  from ethanol to give the t i t l e  compound as 
colourless prisms. (2.9g, 81%).
Iw  N.M.R. BfCDClg) 9.01(lH,d,J=2HZ,H-2),
8.77 (lH,dd,J=2HZ and J=5HZ, H-6 ) ,
8.42-8.02 (3H, complex, H-4,H-4' and H -7 ') ,
7.83 ( lH ,s ,H -2 ') ,
7.54-7.30 (3H,complex H-5,H-5' and H-6 ' ) ,  
and 2.68 (3H,s,C0C^3 )ppm,
l.R . vmax 1725 (N-COCH3) ,  1615 (Ar2C=0) and 1580 (Ar)cm ^ ,
U.V. Xmax 208, 230, 252 and 312nm,
M.S. m ^  ( re l . in t .% )  264 (M+,70), 222 (79), 194(14) and 144(100).
m.p. 140° ( l i t . 304 141° ) .
Preparation o f 1 - t r i f lu o ra c e ty l in d o l-3 -y l -3 -p y r id y l  methanone (129): 
In d o l-3 -y l-3 -p y r id y l methanone (111) (2.22g, 0.01 mole) and 
sodium t r i f lu o ra c e ta te  (1.36g, 0.01 mole) were dissolved in t r i -  
f lu o ra ce t ic  anhydride (20cm ) and the mixture was heated a t re f lu x  
temperature fo r  one hour. The excess solvent was removed by 
evaporation under reduced pressure and the residual gum was pa rt it ioned  
between saturated sodium hydrogen carbonate so lu tion  (20cm ) and
chloroform (40cm ). The organic phase was separated, dried over
magnesium sulphate, f i l t e r e d  and the solvent removed under reduced 
pressure to give an orange o i l  which slowly s o l id i f ie d .  Recrys­
t a l l i s a t io n  from ethanol yie lded a product which was iden tica l in 
every respect to the s ta r t in g  ketone.
The same re s u lt  was achieved i f  the reaction was repeated in 
the absence o f sodium t r i f lu o ra c e ta te .
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Preparation o f methyltriphenylphosphonium bromide:
Triphenylphosphine (lOg, 0.038 mole) was dissolved in dry 
3 3toluene (10cm ) in a 100cm Erlenmeyer f la s k .  The so lu tion  was 
cooled in an ic e -s a l t  bath and bromomethane (4.9cm , 0.05 mole) 
was qu ick ly  added. The f la sk  was sealed w ith a bung secured by 
wire and was l e f t  to stand fo r  a day a t room temperature, during 
which time a white c ry s ta l l in e  s o l id  was deposited. Before opening, 
the f la s k  was cooled in an ic e -s a l t  bath, then the so lid  was f i l t e r e d  
o f f  a t the pump and washed w ith  hot toluene. The product was dried
in  a vacuum oven at 50°C and stored in a desiccator over phosphorus 
pentoxide (12.5g, 92%).
Preparation o f l - ( l - p h e n y ls u lp h o n y l in d o l-3 -y l ) - l - (3 -p y r id y l ) ethene (130)
3 3F re s h ly -d is t i l le d  tetrahydrofuran (15cm ) was placed in a 100cm
round-bottom, three-neck f la s k  and was deoxygenated under a stream 
o f dry nitrogen fo r  about h a l f  an hour. Sodium hydride (4.8g,
50% suspension in o i l )  was then added and the mixture was s t i r re d  at 
60° fo r  one hour to aid d isso lu t ion  o f the sodium hydride. A fte r  
th is  time the condenser was removed momentarily and m ethy ltr iphenyl­
phosphonium bromide (2. 8g, 1 mole equivalent) was added in portions 
over a period o f  f i f te e n  minutes. The condenser was replaced and 
the mixture was s t i r re d  a t room temperature fo r  fo r t y - f iv e  minutes 
to complete the formation o f methylene triphenylphosphorane.
At the end o f th is  period 1-phenylsulphonylindol-3-y l-3 -p y r id y l  
methanone (127) (2.5g, 1 mole equivalent) was added in a s ing le portion . 
The pale yellow colour o f the reaction mixture changed to  deep brown.
The mixture was then warmed and s t i r re d  fo r  one hour a t re f lu x  before 
pouring in to  hydrochloric acid (100cm , 2M). The acid layer was
3
washed w ith  ether (2x l 00cm ) , separated and bas if ied  w ith concentrated
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3
ammonia so lu tion  (25cm ). When coo l, the aqueous layer was 
extracted w ith chloroform (4x50cm ). The organic extrac ts  were
combined, dried over magnesium sulphate, f i l t e r e d  and the solvent 
removed under reduced pressure to give an orange o i l .
Analysis o f th is  compound by TLC on s i l i c a  in  ethyl acetate
showed i t  to  be a mixture o f two major components which were separated 
by f lash  chromatography on a column o f s i l i c a  gel using a 50:50 
mixture o f ethyl acetate and 60-80° b o i l in g  f ra c t io n  petroleum ether. 
The f i r s t  f ra c t io n  was dried over magnesium sulphate, f i l t e r e d  and 
the solvent removed under reduced pressure to give an orange o i l  
which slowly s o l id i f ie d  on standing. Repeated attempts to recrys­
ta l  l is e  th is  material from a va r ie ty  o f solvents were unsuccessful, 
but i t  was possible to id e n t i fy  i t  as the t i t l e  compound by spectro­
scopic means ( l . l g ,  44%).
3h N.M.R. 6(d®-DMS0) 9.10 (lH,d,J=2HZ,H-2),
8.86 (lH,dd,J=2HZ and J=6HZ, H-6) ,
8.70-7.10 (12H, complex, remaining aromatic H 's ),
5.76 (2H,bs,CCH2 )ppm,
l.R . vmax 1610 (C=C)cm \
U.V. Xmax 212, 262 and 296 nm,
M.S. m/e ( re l . in t .% )  360 (M*)
Preparation o f l - a c e ty l - 3 - [ l - ( 3 -p y r id y l ) e th y l j in d o le  (74):
3 - [ l - (3 -P y r id y l )e th y l ] in d o le  (29) (3.4g) was heated under
3 3re f lu x  in ace tic  anhydride (20cm ) and tr ie thy lam ine  (4cm ) fo r
t h i r t y  minutes. The solvent was then removed under reduced pressure
to give a dark o i l  which was dissolved in  chloroform (50cm ) and
washed w ith saturated sodium hydrogen carbonate so lu tion  (50cm ).
The organic layer was separated, dried over magnesium sulphate,
f i l t e r e d  and the solvent evaporated under reduced pressure to give
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an orange o i l  which slowly c ry s ta l l is e d  on standing. The compound 
was re c ry s ta l l is e d  twice from ethanol to give an almost colourless 
s o l id .  (2.9g, 71%).
3h N.M.R. b CCDCIj ) 8.66(lH,d,J=2HZ,H-2),
8.60-8.36(2H, complex, H-6 and H -7 ') ,  
7.64-7.46(lH,dt,J=2HZ and J^8HZ,H-4),




l.R . vmax 1700 (C=0)cm ^ ,
U.V. Xmax 224, 257 and 316nm,
M.S. m/e ( re l . in t .% )  264(M+,98), 222(85), 207(100) and 144(25), 
m.p. 123° ( l i t . 43)44 123- 124° ) .
Preparation o f l -a m in o -3 - [ ( l - a c e ty l in d o l-3 -y l )e th y l ]  pyrid inium 
mesitylenesulphonate (75):
The acetylated indole (74) (2.6g) was dissolved in d ich lo ro - 
methane (40cm ) and cooled to 0° in an ice bath. Mesitylene- 
sulphonyl hydroxylamine (258)(2 .Ig ,  1 mole equivalent) was also 
dissolved in dichloromethane (40cm ) and cooled to 0°. The 
solu tions were qu ick ly  mixed and s t i r re d  together fo r  t h i r t y  minutes 
in an ice bath. A fte r  th is  time ice-co ld  anhydrous ether (400cm ) 
was added and s t i r r in g  was continued fo r  a fu r th e r  hour during which 
time a pale yellow so l id  was p rec ip ita ted . The solvent was decanted 
and evaporated under reduced pressure to give more o f the yellow 
so lid  which was combined w ith the f i r s t  c ro p .(4 .5g,96%).




7.80-7.04(6H, complex,H-5,H-2' ,H-4' ,H-5' ,H-6 ' and H -7 ') ,
6.77(2H,s,ArH),
4.31(lH,q,J=7HZ,CHCH3),
2 . 57(6H,s,ArCH3) ,
2.51(3H,s ,C0CH3),
2 .18 (3H ,s ,A rC ^), 
and 1.69(3H,d,J=7HZ,CHCH^3)ppm,
I.R. vmax 1700(C=0)cm ^ ,
U.V. Xmax 207, 235, 260, 282, 292 and 301nm,
M.S. m/e ( re l . in t .% )  The mass spectrum o f th is  compound shows only
peaks due to the s ta r t in g  compound,
1-a c e ty l- 3 - [ l - ( 3 - p y r id y l ) e th y l ] indole (74).
Preparation o f 1-a c e ty l im id o -3 - [ l -a c e ty l in d o l -3 - y l )e th y l]p y r id in e (7 6 ) : 
The pyrid inium s a l t  (75) (4.7g) was dissolved in chloroform 
( 20cm ) ,  w ith warming i f  necessary, then cooled in an ice bath.
Acetic anhydride (20cm ) was also cooled to 0° and was qu ick ly  added 
and the mixture s t i r re d  together fo r  f i f te e n  minutes. The mixture 
was then neutra lised by the add it ion  o f a so lu tion  o f potassium car- 
bonate (60g) in water (60cm ). The phases were thoroughly mixed 
through vigorous s t i r r in g ,  then the mixture was f i l t e r e d  and extracted 
w ith chloroform (4x25cm ). The organic extracts  were combined, 
dried over magnesium sulphate, f i l t e r e d  and the solvent removed 
under reduced pressure w ithout the aid o f  heat to give an unstable 
orange o i l  which was reacted immediately in the next step (4.0g,70%). 
I.R. vmax 1700 (C=0) and 1560(N^-C=0)cm"\
M.S. m ^  ( re l . in t .% )  321 (M+,28),264(46), 222(33) and 207(100).
Preparation o f 3 - [ l - ( l - a c e t y l in d o l -3 - y l )e thyl]-l-m ethylacetam ido 
pyridinium iodide (77):
The aforementioned orange o i l  was dissolved in iodomethane (20
3
cm ) and the mixture was re fluxed fo r  fo r t y - f i v e  minutes. Excess
168
iodomethane was evaporated under reduced pressure to give a yellow 
foam which was t r i tu ra te d  w ith acetone to give the product as a b r igh t 
yellow so lid  (5.3g, 92%).





7 .7 5 ( lH ,s ,H -2 ') ,
7.44-7.12(38, complex, H-4 ',H-5 ' and H-6 ' ) ,  
4 . 73( lH ,q ,0=7HZ,CHCH3) ,




I.R . vmax 1700(N-C0CH3) and 1695 (N®-N-C0CH3)cm"’ ,
U.V. Xmax 203, 220, 239(sh), 265, 292 and 301nm,
(Found: 0,51.9; H,4.65; N,8.9.
^20^22^3^2^ requires: 0,51.8; H,4.75; N,9.1%).
Preparation o f 4 - c y a n o -3 - [ l - ( l - a c e ty l in d o l -3 - y l ) e th y l ] - l ,4 -d ih y d ro - l - 
methylacetamido p y r id in e :
The methiodide s a l t  (77) (3 .0 , 6.5x10 mole) was dissolved in
3 3water (150cm ) and ethanol (10cm ) a t 40°. Potassium cyanide (0.6g,
9.2x10" mole) and ammonium ch lo r ide  (0.7g) were dissolved in water
o
(15cm ) and the so lu tion  was added dropwise to the s t i r re d  so lu tion  
o f the methiodide. The mixture was s t i r re d  fo r  an hour a t room 
temperature during which time a pale straw-coloured so lid  was pre- 
c ip i ta te d .  Chloroform (15cm ) was added and s t i r r in g  was continued 
fo r  a fu r th e r  f iv e  minutes. The product was extracted in to  chloro-
o
form (5xl0cm ) and the extracts  were bulked and washed copiously w ith
169
water. The organic layer was separated, dried over magnesium 
sulphate, f i l t e r e d  and the solvent removed under reduced pressure 
to give an orange o i l .  This procedure was carried out a number 
of times.
I.R. vmax 2220(C=N) and 1700 (N-COCHgjcm-l
Preparation o f l -a c e ty l -3 - { l - [3 - (4 -c y a n o )p y r id y l ]e th y l } indole (78b) :
The aforementioned o i l  was dissolved in ethanol (50cm ) and s t i r re d  
fo r  two hours under a medium pressure u l t ra  v io le t  source. During 
th is  time an o f f -w h ite  so l id  was p re c ip ita te d , which on subsequent 
in ve s t ig a t io n , proved to be regenerated l - a c e ty l - 3 - [ l - ( 3 - p y r id y l )  
e th y l] in d o le  (74). The mixture was f i l t e r e d  and the f i l t r a t e  
evaporated under reduced pressure to give an orangq^il which was 
chromatographed on a column o f  s i l i c a  gel (Merck Kieselgel 60, 70- 
230 mesh) using chloroform as e luent. The f i r s t  fra c t ions  from the 
column were combined and evaporated to dryness under reduced pressure 
to give an orange o i l  which slowly s o l id i f ie d  on standing. The 
so lid  was co llected a t the pump and washed w ith ether. R e c ry s ta l l i ­
sation from ethanol afforded the t i t l e  compound as pale straw-coloured 
prisms ( 1. 2g, 66%).
N.M.R. 5(d^-DMS0)
2' 3' 3a 4' 5' 6 ' 7 ’ 7a CHCH3
123.2d 115.6s 128.9s 123.3d 124.9d 118.6(1 116.Id 141.5s 32.9d
CHÇH3 2 3 4 5 6 COCH3 COCH3 CN
20.5q 150.Od 135.4s 122.7s 124.6d 148.5d 186.9s 23.8q 169.2s
N.M.R. 6(0001,) 8.62 (1H,d,J=2HZ,H-2),
8.60 (1H,d,J=6HZ,H-6),
8.39 (1H,d,J=8HZ,H-7'),





I.R. vmax 2220 (C^N) and 1700 (N-COCHgjcm'T,
U.V. Xmax 207, 226, 239, 265, 292 and 300 nm,
M.S. ( r e l . in t .% )  289 (M+, 34), 247(78) and 232(100), 
m.p. 110° ( l i t . 42 111- 112° ) .
Preparation o f 5-any1-5-demethy1e11 ip t ic in e  (169):
a. Reaction between 1-ace ty1 -3-{ l- [3 -(4 -cyano ) p y r id y l ]e th y l }  indole 
(78b) and allylmagnesium bromide:
Allylmagnesium bromide was prepared by the action o f a so lu tion
o
o f a l l y l  bromide (0.23g) in anhydrous d ie thy l ether (30cm ) upon a 
vigorously s t i r re d  suspension o f  magnesium turnings (0.37g) in dry 
ether (20cm^) a t -15°.
The cyanide compound (78b) (50mg) was dissolved in f re sh ly  
d i s t i l l e d  anhydrous tetrahydrofuran (20cm ) and th is  so lu tion  was 
allowed to drop slowly onto the c h i l le d  Grignard reagent w ith s t i r r ih g .  
On completion o f the add ition  the mixture was allowed to warm to 
room temperature and was s t i r r e d  fo r  a fu r th e r  hour. A f te r  th is  
time the contents o f the f la s k  were poured onto crushed ice and the 
mixture was extracted w ith chloroform (2x50cm ). The organic 
extracts were combined, dried over magnesium sulphate, f i l t e r e d  
and the solvent removed under reduced pressure to leave a brown 
gum which showed two major spots on TLC. One o f these corresponded 
to the unchanged n i t r i l e  (78b).
M.S. m/e ( r e l . in t .% )  314(M+,17), 289(M+,35), 247(58) and 232(100).
b. When th is  reaction procedure was repeated on a la rge r scale, a 
s ingle component was iso la ted from the reaction mixture which
was id e n t i f ie d  as the s ta r t in g  n i t r i l e .
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c. Preparation o f a l l y l l i t h iu m :
Freshly d i s t i l l e d  anhydrous tetrahydrofuran (50cm^) and fre sh ly -
cut l i th iu m  pieces (4.2g) were cooled in an ic e -s a l t  bath while a
so lu tion  o f a lly lpheny l ether (6.7g) in  dry ether (25cm ) was added
dropwise w ith  rapid s t i r r in g .  To aid i n i t i a t io n  o f  the reaction a
l i t t l e  biphenyl was added. A fte r  about f o r t y - f i v e  minutes the
add ition  was complete and the cooling bath was removed w h ils t
s t i r r in g  continued fo r  a fu r th e r  f i f te e n  minutes. The re su lt ing  deep
red so lu t ion  was then decanted through glass wool from the remaining
l i th iu m  metal and portions were analysed by the usual t i t r a t i o n  
94technique . The concentration o f the a l l y l l i t h iu m  so lu tion  was 
found to be 0.3M which corresponded to a y ie ld  o f 45% re la t iv e  to 
a lly lpheny l ether.
d. Reaction between l-a c e ty l -3 - { l - [3 - (4 -c y a n o )p y r id y l ]e th y l  } indole 
(78b) and a l l y l l i t h i u m :
The cyanide compound (78b) (500mg) was dissolved in f re sh ly  
d i s t i l l e d  anhydrous tetrahydrofuran (50cm ) and the so lu tion  was 
added dropwise to a s t i r re d  so lu t ion  o f a l l y l l i t h iu m  (20cm , 0.3M,3.5 
mole equivalents) in tetrahydrofuran cooled in an ic e -s a l t  bath. 
Addition was completed a f te r  about t h i r t y  minutes and the re su lt ing  
deep brown mixture was s t i r re d  overnight under n itrogen. Excess 
organometal1ic  reagent was decomposed by the add it ion  o f a so lu tion 
o f ammonium ch lo ride  (lOg) in water (50cm ). The product was 
extracted in to  chloroform, dried over magnesium sulphate, f i l t e r e d  
and the solvent removed under reduced pressure to give a brown o i l .
I.R . vmax 1660 (C=N) cm” \
M.S. m/e ( re l . in t .% )  289(M+,100).
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e. Preparation o f 5 -a l1y1-5-dem ethy le l1 ip tic ine (169):
The crude product from the previous reaction was dissolved in
o
acetic  acid (40cm , 30%) and re fluxed overn ight. When coo l, the 
reaction mixture was neutra lised w ith so l id  potassium carbonate and 
extracted w ith chloroform (3x50cm ). The combined organic extracts 
were dried over magnesium s u lp h a te , f i l te re d  and the solvent removed 
under reduced pressure to give a viscous brown o i l .  This was taken 
up in a l i t t l e  chloroform and t r i tu ra te d  w ith  d ie thy l ether to give 
an amorphous dark green-coloured so lid  which was co llec ted at the 
pump. Attempts to rec rys ta l l i s e  th is  material from a range o f 
solvents were unsuccessful. On TLC the material showed a number o f 
spots, one o f which fluoresced s trong ly  under u l t ra  v io le t  l ig h t  
and which did not move fa r  up the p la te  in solvents o f medium p o la r i ty  
The crude product was then taken up in chloroform and chromatographed 
on a column o f s i l i c a  ge l. This improved i t s  p u r i ty  by only a 
small amount, the re s u lt  being an orange-coloured so lid  which could 
s t i l l  not be induced to c r y s ta l l is e .
U.V. xmax 209(sh), 224, 278, 292 and 298 nm,
M.S. m ^  ( re l . in t .% )  272 (M+,70), 257(49), 245(79) and 232(100).
f .  When the reaction between l -a c e ty l -3 - { l - [3 - (4 -c y a n o )p y r id y l ] 
e th y l} in d o le  (78b) and a l ly l i th iu m  was repeated a t -78° the same o i ly  
intermediate imine was obtained, which was hydrolysed in the manner 
described above to  give a brown s o l id .  This resembled the product 
obtained in the f i r s t  reaction in a l l  i t s  spectral fea tu res , and 
defied attempts to  p u r i fy  i t  e i th e r  by re c ry s ta l l is a t io n  or by 
chromatographic means.
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Attempted preparation o f 5-demethyl-5-(3,3-diethylamino)propylamino- 
e l l i p t i c in e  (171):
a. L i th ia t io n  o f 3,3-diethylaminopropylamine:
Freshly cut l i th iu m  pieces (0.2g) were s t i r re d  in to  dry benzene
q
(20cm ) and then f r e s h ly - d is t i l le d  hexamethylphosphoric triamide
q
(HMPT) (20cm ) was added. A so lu t ion  o f 3,3-diethylaminopropylamine
q
(3.0g) in dry benzene (10cm ) was then added dropwise to the s t i r re d  
mixture in the f la s k  a t room temperature. No reaction was apparent, 
so the reaction vessel was warmed and the contents gently brought 
to b o i l in g  w h i ls t  s t i r r in g  was maintained fo r  a couple o f  hours.
A fte r  th is  time a d is t in c t  pink colouration was d isce rn ib le , but i t  
was f e l t  tha t a more s a t is fa c to ry  preparation o f the l i th iu m  deriva­
t iv e  could be achieved using n ^b u ty l l i th iu m .
b. L i th ia t io n  o f 3,3-diethylaminopropylamine:
Dry benzene (20cm^) and f r e s h ly - d is t i l le d  HMPT (20cm^) were 
added to 3,3-diethylaminopropylamine (4.7g) in  a nitrogen-purged 
f la s k .  The mixture was cooled in a bath o f acetone and so lid
q
carbon d ioxide. Butyl l i th iu m  in hexane so lu tion  (30cm , 1.3M) was 
added in two equal portions to the s t i r re d  mixture in the f la s k ,  
g iv ing r ise  to an orange co loura tion . S t i r r in g  was continued 
fo r  a couple o f hours a f te r  which time the cooling bath was removed 
and the contents o f  the f la s k  were s t i r re d  a t room temperature fo r  
h a l f  an hour. Portions o f the organometallie reagent were removed 
fo r  t i t r a t i o n  which revealed th a t i t s  concentration was 0.31M, 
corresponding to a 60% conversion to  the l i t h ia te d  amine.
c. Reaction between l-a c e ty l -3 - { l - [3 - (4 -c y a n o )p y r id y l ]e th y l} in d o le  
(78b) and the l i th iu m  s a l t  o f 3,3-diethylaminopropylamine:
q
The organometallie reagent from the above reaction (20cm , 0.31M, 
3.5 mole equivalents) was cooled in  an ic e -s a l t  bath and a so lu tion
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q
o f the n i t r i l e  (78b) (500mg) in  anhydrous tetrahydrofuran (50cm ) 
was added dropwise to  the s t i r r e d  contents o f the f la sk  over a period 
o f t h i r t y  minutes. The mixture turned a deep red colour and was 
allowed to warm up slowly w h i ls t  s t i r r in g  overnight under nitrogen.
q
A so lu tion  o f ammonium ch lo r ide  (lOg) in d i s t i l l e d  water (50cm ) 
was added cau tious ly  to  decompose excess reagent and the mixture was
q
extracted w ith  chloroform (3x50cm ) ,  dried over magnesium sulphate, 
f i l t e r e d  and the solvent evaporated under reduced pressure to leave 
a mobile orange o i l  which was probably the desired imine dissolved 
in HMPT.
I.R . vmax 3480, 2860 (C-H), 1460, 980 and 740 cm‘ L  (a l l  HMPT),
U.V. X m a x
M.S. m/e ( r e l . in t .% )  377 (M+,82), 289(M+,29), 247(94) and 232(100).
d. Attempted preparation o f  5-demethyl-5 - (3 ,3-diethylam ino) 
propylaminoel1ip t ic in e  (171):
The o i l  from the above reaction was dissolved in ace tic  acid
q
(50cm , 50%) and heated a t gentle re f lu x  overnight. When cool, the 
mixture was made basic w ith  s o l id  potassium carbonate and extracted
q
in to  chloroform (2x50cm ). The combined extracts were dried over 
magnesium sulphate, f i l t e r e d ,  and the chloroform removed under 
reduced pressure to  leave an orange o i l .  This was then evaporated 
fu r th e r  under high vacuum to leave a viscous brown o i l .  Analysis 
o f th is  materia l by TLC showed i t  to be mainly a s ing le  component. 
P u r i f ic a t io n  was achieved by e lu t in g  the material through a column 
of s i l i c a  gel using chloroform as the e luent, to  give an amorphous 
brown s o l id .  Spectral analysis then revealed tha t the compound was 
the de-acetylated n i t r i l e  (78a).
I.R . vmax 3270 (N-H), 2220 (ON) and 1580 (Ar) cm 'L  
M.S. m/e ( r e l . in t .% )  247(M+,87), 246(100) and 232(17).
/b
Preparation o f 5-demethy1-5-(4-pico1y1)e11ipticine (173):
a. Preparation o f 4 - p ic o ly l l i th iu m :
3
Freshly d i s t i l l e d  anhydrous tetrahydrofuran (20cm ) and 4-
p ico line  (2.0g, 0.0215 mole) were s t i r re d  together and cooled in
an ic e -s a l t  bath. A so lu t ion  o f n ^b u ty l l i th iu m  in hexane (15cm ,
0.0215 mole) was added dropwise over a period o f t h i r t y  minutes
with s t i r r in g .  The cooling bath was removed and the so lu tion  allowed
to s t i r  fo r  a fu r th e r  hour while warming to  room temperature. The
re su lt in g  so lu tion  o f  4 -p ic o ly l l i th iu m  was a deep yellow colour w ith
some p rec ip ita ted  s o l id .  A portion o f th is  material was extracted
94and t i t r a te d  in the usual manner to  determine i t s  concentration.
b. Reaction between T-ace ty l- 3 - ( l - [ 3 - (4 -cyan o )p y r idy l]e thy l) indole
(78b) and 4 -p ic o ly l l i th iu m :
The n i t r i l e  (78b) (500mg, 1.73x10” ^ mole) was dissolved in fre sh ly  
d i s t i l l e d  dry tetrahydrofuran (50cm ). The so lu tion  was added to 
the s lu r ry  o f 4 -p ic o ly l l i th iu m  with vigorous s t i r r in g  over a period 
o f about f i f te e n  minutes a t room temperature, using a bath o f cold 
water to  prevent e levation  o f  temperature. The re su lt ing  brown 
so lu tion  was s t i r r e d  fo r  a fu r th e r  hour, then the excess organo­
metal l i e  reagent was decomposed by the cautious add ition  o f  iced 
water (10cm ) ,  followed by a so lu tion  o f ammonium ch lo ride  (lOg)
in water (50cm ). The organic phase was separated and the aqueous
layer extracted w ith  chloroform (2x50cm ). The extracts were 
combined and dried over magnesium sulphate, f i l t e r e d  and the solvent 
removed under reduced pressure to give an orange o i l  which smelled 
strongly o f 4 -p ico l in e .
I.R . vmax 3200 (N-H) and 1600 (Ar)cm ^
M.S. m/e ( re l . in t .% )  340 (M+, 67) and 289(100).
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c . Preparation o f 5 -dem ethy l-5 -(4 -p ico ly l) e l l i p t i c in e  (173):
The aforementioned o i l  was dissolved in acetic  acid (20cm ,
20%) and heated on a steam bath fo r  one hour. A fte r th is  time 
i t  was allowed to cool before b a s i f ic a t io n  w ith  so lid  potassium 
carbonate. The mixture was extracted w ith chloroform (4x50cm ) 
and the extracts  bulked and dried over magnesium sulphate. The 
solution w a^f il te red  and the solvent evaporated under reduced
pressure to leave an orange o i l .  Analysis o f  th is  material by
TLC indicated tha t i t  comprised several components, one o f  which 
fluoresced strong ly  under u l t ra  v io le t  l i g h t .  T r i tu ra t io n  o f the 
o i l  w ith  d ie thy l ether afforded a l i g h t  brown so lid  which was re s is ­
tan t to attempts a t re c ry s ta l l is a t io n  from a va r ie ty  o f solvents. 
Column chromatography on s i l i c a  gel using chloroform as eluent fa i le d  
to  y ie ld  a pure component. F in a l ly ,  the crude product was applied 
to  a preparative s i l i c a  p la te  and chromatographed in a solvent 
mixture o f ethyl acetate and 60-80° b o i l in g  f ra c t io n  petroleum ether 
(50:50 m ixtu re). The fluorescent band was removed and extracted 
from a soxhlet thimble using ethyl acetate. Evaporation o f the 
solvent under reduced pressure gave a small quantity  o f f in e  yellow 
needles (4mg,<l%).
N.M.R. 6(d®-DMS0) 11.68 (s,NH),
Fourier Transform; 9.76 ( s ,H - l ) ,  
no in teg ra l 8.60-7.08 (aromatic H 's ) ,
4.73 (s,Ar-CH2-A r ) ,  
and 2.48 (s,C^3)ppm,
UV xmax 208, 280, 292 and 297 nm,
M.S. m/e ( re l . in t .% )  323 (M+,100) and 245 (51).
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d. Preparation o f 5-ji-buty l-5-demethyle l 1 ip t ic in e  (174):
When the above procedure was repeated using a fre sh ly  prepared 
suspension o f  4 - p ic o ly l l i th iu m ,  ex trac t ion  o f the hydrolysis product 
w ith  chloroform gave a b r ig h t ye llow  so lu t io n . Evaporation o f the 
solvent to low bulk gave a s o l id  product as yellow needles which 
were co llec ted  a t the pump. Spectroscopic analysis o f th is  material 
showed i t  to be the t i t l e  compound.
Preparation o f  5 -n-buty l-5 -dem ethy le l1ip t ic in e  (174):
a. Reaction between 1- a c e ty l - 3 - { l - [ 3 - (4 -cyan o)p y r idy l]e thy lf indo le
(78b) and p -b u ty l1ith iu m :
The cyanide compound (78b) (500mg) was dissolved in f re sh ly  
d i s t i l l e d  anhydrous tetrahydrofuran (100cm ). This was added 
dropwise to a s t i r r e d  so lu tion  o f r i -b u ty l l i th iu m  in hexane (3.5cm , 
1.6M, 3 mole equivalents) cooled in  an ic e -s a l t  bath. A fte r  the 
completion o f  the a d d it ion , s t i r r in g  was continued fo r  a fu r th e r  
fo r t y - f i v e  minutes, then iced water ( 10cm ) was added, followed by 
an aqueous so lu tion  o f ammonium ch lo r ide  (50cm , 20%). The organic 
phase was separated, dried over sodium sulphate, f i l t e r e d  and the 
solvent removed under reduced pressure to  give an orange gum.
b. Preparation o f 5 -p -b u ty l-5 -d e m e th y le l l ip t ic in e  (174):
The aforementioned gum was heated w ith  ace tic  acid (20cm , 20%) 
on a steam bath fo r  an hour. The so lu tion  was then cooled, made 
basic w ith  s o l id  potassium carbonate and extracted w ith chloroform 
(5xlOcm ). The extracts  were bulked , dried over magnesium s u l­
phate, f i l t e r e d  and most o f the solvent removed under reduced pressure, 
g iv ing the t i t l e  compound as yellow needles which were re c rys ta l l ise d  
from methanol (320mg, 64%).
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N.M.R. 5(TFA-d) 11.25 (IH.s.NH),
9.55 (1H,S,H-1),
8.44-8.12 (4H, complex, H-3, H-4, H-7 and H-10),
7.62 (2H, complex, H-8 and H-9),
3.28 (3H,s,ArCH3) ,
3.20 (2H ,t,J= 8HZ,Ar-CH2“ CH2- ) ,
1.92-1.62 (4H,m,-CH2-CH2-), 
and 1.05 (3H ,t,J= 7HZ,-CH2-CH3) ppm,
I.R . vmax 3150 (N-H), 1605(Ar) and 1600 (A r)c m " \
U.V. X m a x  240, 277, 288 and 296nm,
M.S. m ^  ( re l . in t .% )  288 (M+,56) and 245(100).
m.p. 280-284° dec. ( l i t . * *  285-287° sublimes).
Preparation o f 1-amino-3-(1-phenylsulphonyl in d o l-3 -y l fo rm y l) . 
pyrid in ium mesitylenesulphonate (187):
The indole (127) (lOg) was dissolved in dlchloromethane 
(lOOcm^) and cooled to 0°. The aminating agent (258) (6 , 6g, 1 mole 
equivalent) was also dissolved in dichloromethane (50cm ) and the 
two so lu tions were qu ick ly  mixed and s t i r re d  a t the depressed tem- 
perature fo r  h a l f  an hour. Ice-cold sodium-dried ether (500cm ) 
was then added and s t i r r in g  continued fo r  a fu r th e r  hour during 
which time a pale yellow so l id  was p re c ip ita te d . The mixture was 
f i l t e r e d  and the solvent evaporated under reduced pressure to give 
more o f  the yellow  compound which was combined w ith  the f i r s t  crop. 
(16.2g, 97%).
N.M.R. 5(d®-DHS0) 9.17 (lH,d,J=2HZ,H-2),
9.01 (lH,dd,J=2HZ aud 0=5HZ,H-6),





6.76 (2H,s,aryl protons o f mesitylenesulphonate anion),
3.39 (2H,bs,NHz),
2.54 (6H , s , % ) ,  
and 2.08 (3H,s,CH3)ppm,
I.R.-vmax 3280 and 3220 (N-H) and 1640 (Ar2C=0)cm ^
U.V. xmax 207, 225, 262 (sh) and 315nm,
M.S. m/e ( re l . in t .% )  362(M+,67), 284(19), 221(49), 193(51) and 77(100). 
m.p. 254-256°.
Reaction o f  the s a l t  (187) w ith acetic  anhydride:
The mesitylenesulphonate (187) from the previous reaction was
3 3p a rt i t io n e d  between water (100cm ) and chloroform (150cm ) ,  and the
mixture was cooled in an ice bath. Ice-cold ace tic  anhydride (50cm )
was qu ick ly  added and the contents o f the f la s k  were s t i r re d  together
fo r  about f i f te e n  minutes. N eu tra lisa t ion  was then carr ied  out
by the add it ion  o f a so lu tion  o f potassium carbonate ( 120g) in
d is t i l l e d  water (120cm ). The phases were thoroughly mixed through
vigorous s t i r r in g ,  then the mixture was f i l t e r e d  and extracted w ith
chloroform (4x50cm ). The organic extrac ts  were combined, dried
over magnesium sulphate, f i l t e r e d  and the solvent removed under
reduced pressure in a cold water bath to give an orange o i l  which
was used s tra ig h t  away in the next stage.
Preparati on o f 1 - (N-acetyl-N-methylami n o )-3 -(1-phenylsulphonyli ndol 
-3 -y lfo rm y l)py r id in ium  iodide (189):
The aforementioned orange o i l  was added to iodomethane and the 
mixture was gently refluxed fo r  an hour. Excess iodomethane was 
removed under reduced pressure to give an orange oil which was 
t r i tu ra te d  w ith  acetone to give the t i t l e  compound as a b r ig h t yellow 
s o l id .  (5.8g, 65% re la t iv e  to (187)).
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N.M.R. 6(d®-DMS0) 9.89 ( lH ,s ,H -2 ),
9.56 ( lH ,d ,J=6HZ,H-6),
9.22 (lH,d,J=7HZ,H-4),
8.76-7.30 ( I IH ,  complex, remaining aromatic H 's),
3.86 (3H ,s ,N C^), 
and 1.95 ( 3H,s,NC0CH3 )ppm,
I.R . vmax 1695 (NCOCH3) and 1645 (Ar2C=0)cm” ^
U.V. Xmax 219, 262 and 300nm,
M.S. sample not v o la t i le
m.p. 234-237° dec.
(Found: C,49.2; H,3.5; N,7.4.
C23H20N3O4IS requires: C,49.2; H,3.6; N,7.5%).
Attempted preparation o f 1-p hen y lsu lp h o n y lin d o l-3 -y l-3 - [ l-N -a ce ty l- 
N-methylam ino)-4-cyano-l,4-d ihydro]pyridyl methanone (190):
The methiodide compound (189) (3.0g) was suspended in a
3 3mixture o f warm water (150cm ) and ethanol (10cm ) a t 40°. A
so lu tion  o f  potassium cyanide (0.6g) and ammonium ch lo ride  (0.7g)
in water (15cm ) was then added dropwise w ith  s t i r r in g .  The
mixture was s t i r re d  fo r  one hour, then chloroform ( 10cm ) was added
and s t i r r in g  was continued fo r  a fu r th e r  ten minutes. The organic
layer was separated and the aqueous phase was extracted w ith additional
portions o f  chloroform (5x25cm ). The combined organic extracts
were dried over magnesium sulphate, f i l t e r e d  and the solvent removed
under reduced pressure to give an orange o i l .  (1.9g, 77%).
N.M.R. 6 (CDCl3 ) g.26 (1H,m,H-7') ,
8.10-7.08 (4H, complex, H-2", H-6" ,  H-6 ' and H -5 ') ,  
7.67-7.32 (5H, complex, H-2, H-3", H-4", H-5" and H -4 ') ,
7.28 ( lH ,s ,H -2 ') ,
6.74 (lH,m,H-6) ,
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5.21 ( lH ,m ,H -5 ),
4.76 ( lH ,m ,H -4 ),
3.31 (3H,s,NCH^)
and 1.94 (3H,ssNCOCHgjppm,
I.R . vmax 2230 and 2220 (C=N), 1680(NC0CH3) a„d 1625 (A r2C=0 ) c m ' \
U.V. Xmax 211, 240, 300 and 315nm,
M.S. m/e ( r e l . i n t . % ) .  387(M *,64), 362(100); on ly  ions due to  the f u l l y  
aromatic n i t r i l e  observed.
Attempted a rom a tisa tion  o f  the d ih yd ro p y r id in e  (190):
The o i l  from the previous re a c t io n  was d isso lved  in  ethanol
3
(50cm ) and s t i r r e d  o ve rn ig h t under a medium pressure u l t r a  v i o le t  
source. The so lve n t was then removed under reduced pressure to  
g ive an orange o i l  which was chromatographed on a column o f  s i l i c a  
gel using ch lo ro fo rm  as e lu e n t.  The f i r s t  f r a c t io n s  were combined, 
d r ie d  over magnesium sulphate and the so lven t evaporated a t  reduced 
pressure to  g ive another orange o i l .  This was s u rp r is in g ,  s ince
the a n t ic ip a te d  product was expected to  be a s o l id .  Ana lys is  o f
the m a te r ia l by TLC showed i t  to  be s ig n i f i c a n t l y  more pure than the 
crude re a c t io n  p roduc t, g iv in g  r is e  to  a spot which was a lso  present 
in  the o r ig in a l  o i l .
N.M.R.. 6(d®-DMS0) 8.56 (lH,m
8.50-7 .80  (4H, complex,
7 .76-7 .28 (5H, complex,
6.76 (lH,dd,J=16HZ and J=7HZ,H-4),
6.12 ( lH , s , H - l ) ,
3.27 ( 3 H , s , N C H 3 ) ,  
and 2.19 (3H,s,NC0CH2 )ppra,
I .R .  V max 2220 (C=N),1680 (NCOCH3 ) and 1625 (A r2C=0)cm "L
U.V. Xmax 210, 242, 268 and 300nm,
M.S. m/e ( r e l . i n t . % )  387(M+, 38) and 362 (100).
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Since i t  was apparent tha t aromatisation had not taken place 
as expected, a second portion  o f the dihydropyrid ine (190) was d is ­
solved in ethanol and re fluxed gently fo r  a couple o f hours. Pre­
l im inary  inves tiga tion  o f the reaction mixture by TLC indicated tha t 
no change had taken place and when the solvent was removed under 
reduced pressure, unmodified s ta r t in g  material was returned.
Attempted preparation o f lOH-indolo [3,2-b]-2-azaindene (207):
a. Attempted preparation o f indo lo [3 ,2 -b ] pyr ido [4 ,3 -d ] cyclo- 
pentanone (215a):
In d o l-3 -y l-3 -p y r id y l  methanone (111) (2.22g, 0.01 mole) and 
palladium acetate (0 .1 Ig ,  0.005 mole) were dissolved in g lac ia l acetic  
acid (40cm ) under an atmosphere o f  dry n itrogen. The mixture was 
gently refluxed fo r  fo r t y  hours and was then f i l t e r e d  through 
Kieselguhr. The solvent was evaporated under reduced pressure to 
give a dark orange gum which was chromatographed on a column o f 
s i l i c a  gel using chloroform as the e luent. The combined fra c t io n s  
were dried over magnesium sulphate, f i l t e r e d  and the solvent removed 
under reduced pressure to give a buff-co loured s o l id .  This was 
found to be ide n t ica l w ith the s ta r t in g  ketone ( 111).
b. Reaction between in d o l-3 -y l-3 -p y r id y l  methanone and hydrogen 
peroxide:
The indole (111) (2.22g, 0.01 mole) was dissolved in g lac ia l
3 3acetic acid (20cm ) and hydrogen peroxide so lu tion  (2.0cm , 35%) was
added. The mixture was immersed in  a water bath a t a constant
70°. A fte r  three hours a fu r th e r  portion o f the hydrogen peroxide
solu tion (1cm , 35%) was added and the mixture was maintained at
the elevated temperature overn ight. The so lu tion  was then concen-
tra ted to about 10cm by evaporation under reduced pressure, d i lu te d
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3
with water (10cm ) and then evaporated as fa r  as possible. The 
residue was made s trong ly  a lka lin e  by the add ition  o f aqueous sodium 
carbonate and was then shaken w ith chloroform and l e f t  to stand.
The mixture was f i l t e r e d  and the organic layer separated and dried 
over magnesium sulphate. F i l t r a t io n  and evaporation o f the 
solvent under reduced pressure gave an amorphous brown s o l id .
Analysis by TLC showed th is  materia l to be a multi-component m ixture. 
Flash chromatography on a column o f s i l i c a  gel afforded unreacted 
s ta r t in g  material and an u n id e n t i f ie d  yellow s o l id .
M.S. tn/e ( r e l . in t .% )  238(M+,6), 222(M+.100), 194(21) and 144(98).
Preparation o f e l l i p t i c in e  ( la ) :
l -A c e ty l-3 - {1 - [3 - (4 -c y a n o )p y r id y l ]e th y l} in d o le  (78b) (500mg, 
1.73x10” mole) was dissolved in f re s h ly  d is t i l l e d  dry tetrahydrofuran 
(100cm ). This was added dropwise to  a so lu tion  of methyl l i th iu m  
in hexane (3.8cm ,1.38M, 3 mole-equivalents) a t -10° under an 
atmosphere o f dry nitrogen w ith  s t i r r in g .  A fte r completion o f 
the add it ion  s t i r r in g  was continued fo r  t h i r t y  minutes, then iced 
water ( 10cm ) was cautious ly  added, followed by a so lu tion of 
ammonium ch lo ride  (lOg) in water (50cm ). The organic phase was 
separated, dried over sodium sulphate, f i l t e r e d  and the solvent 
removed under reduced pressure to give a gum. This was heated on 
a steam bath w ith acetic  acid ( 20cm , 20%) fo r  one hour before 
allowing to cool. The so lu tion  was rendered basic with so lid  
potassium carbonate and the product was extracted in to  chloroform 
(4x50cm ). The extracts  were combined, dried over magnesium 
sulphate, f i l t e r e d  and then evaporated to low bulk to fu rn ish  
e l l i p t i c in e  as b r ig h t yellow needles. (350mg,82%).
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N.M.R. 6(d^-DMS0)
1 3 4 4a 5 5a 6a 7 8
149.7d 140.5d 123.7d 132.5s 107.9s 142.7s 140.4s 110.7d 115.8d
9 10 10a 10b 11 11a 12 13
127.Id 123.4d 121.9s 123.1s 127.8s 126.9s 14.3q 11.9q ppm
N.M.R. 6(d®-DMS0) 11.22 (1H,S,NH),
9.56 ( lH ,s ,H - l ) ,
8.44-8.20 (2H, complex, H-3 and H-10),
7.79 ( lH ,d ,J=6HZ, H-4),
7.56-7.44 (2H, complex, H-7 and H-9),
7.30-7.18 (IH, complex, H-8 )
3.22 (3H ,s,C (ii)-CH3), 
and 2.77 (3H,s,C(5)-C^3) ppm
I.R. vmax 3150 (N-H) and 1590 (Ar)cm” ^
U.V. Xmax 239, 277, 287 and 295nm,
M.S. m/e ( re l . in t .% )  246 (M+,100) and 231(25).
m.p. 309-312° ( l i t . ^  311-315°).
Reaction between 1-methylind o l-3 -o l acetate (236) and 4 -ace ty l-3 - 
e th y lpy r id in e  (237):
q
The indoxyl ester (236)(2 .8g) was placed in a 250cm Erlenmeyer 
f la s k  previously purged w ith oxygen-free n itrogen. A so lu tion  o f  
4 -ace ty l-3 -e thy lpy r id ine  (237)(2 .2g) was prepared in aqueous
q
methanol (35cm , 50%) containing potassium hydroxide (7.5g) and 
th is  was degassed fo r  about h a l f  an hour. The so lu tion  was then 
added to  the indoxyl ester and the f la s k ,  t i g h t l y  stoppered, was 
l e f t  to stand fo r  one week under n itrogen.
A fte r  th is  time the so lu tion  was f i l t e r e d  under nitrogen and 
the solvents were removed under reduced pressure to leave a dark 
gum. This was extracted w ith chloroform (3x100cm ) and the combined
185
extracts  were dried over magnesium sulphate, f i l t e r e d  and the solvent 
evaporated under reduced pressure to  give a deep blue-coloured 
amorphous s o l id .  Analysis o f th is  material by TLC indicated 
tha t i t  contained two major components: the blue compound remained 
almost s ta t iona ry  on the p la te w h i ls t  the second orange component 
was much more mobile.
The material was chromatographed on a column o f s i l i c a  gel 
using chloroform, and w h ils t  th is  procedure was successful in 
separating the orange substance from the blue m a te r ia l,  i t  could 
not be induced to c r y s ta l l is e .  Further column chromatography was
carried  out in an attempt to resolve the orange material in to  i t s
components, but w ith  l i t t l e  success.
I.R . vmax 1700 (C=0) and 1645 (C=C)cm” ^
The amorphous orange so lid  ( Ig )  was dissolved in ethanol
(50cm ) and treated portionwise w ith  sodium borohydride u n t i l  a 
constant u l t ra  v io le t  trace was obtained. The solvent was removed
under reduced pressure and the residue was pa rt i t io n e d  between
3 3chloroform (50cm ) and water (50cm ). The organic layer was
separated, dried over magnesium sulphate, f i l t e r e d  and the solvent
removed under reduced pressure to give an orange o i l  which slowly
s o l id i f ie d  on standing. Attempts to re c ry s ta l l is e  th is  material
from a va r ie ty  o f solvents were unsuccessful. A portion o f the
compound was flash-chromatographed on a column o f s i l i c a  gel using
a solvent mixture o f ethyl acetate and 60-80° b o i l in g  f ra c t io n
petroleum ether (50:50), but subsequent treatment o f the column
extracts  fa i le d  to y ie ld  a s ing le  component which could be re c rys ta l l ised ,
Preparation o f N-methylanthranilic  acid (246):
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a. From a n th ra n i l ic  acid and iodomethane:
A n th ra n il ic  acid (13.7g, 0.1 mole) was suspended in water
q
(50cm ) and anhydrous potassium carbonate was added with s t i r r in g  
u n t i l  a c lea r orange so lu tion  was obtained. Iodomethane (14.2g,
0.1 mole) was added and the mixture was refluxed overn ight, during 
which time the product was p rec ip ita ted  as a mass o f  near-colourless 
needles. The reaction mixture was f i l t e r e d  and the residue recrys­
ta l l is e d  from aqueous alcohol to give the t i t l e  compound as co lour­
less needles (9.7g, 64%).
N.M.R. 5 (00013) 7.96 (lH,dd,J=2HZ and J=9HZ, H-2),
7.27 (lH,m,H-5),
6.76-6.46 (2H, complex, H-3 and H-4), 
and 3.55 (3H,s,NCHq)ppm,
1.R. vmax 3380 (N-H), 3300-2400 (0-H, associated), 1660 (C=0) and 
1580(Ar)cm ^
m.p. 178-179° ( l i t .T Z O  182°).
b. From a n th ra n i l ic  acid and dimethyl sulphate:
A n th ra n il ic  acid (13.7g, 0.1 mole) was suspended in  water
3 3(40cm ) and a so lu tion  o f sodium hydroxide (lOg) in water (30cm )
was added and the mixture brought to the bo il w ith s t i r r in g .  The
q
heat source was removed as dimethyl sulphate (12cm , 0.125mole) was 
added a t such a rate tha t the mixture was maintained a t gentle 
re f lu x .  Heating was then continued fo r  h a l f  an hour and then
q
sodium hydroxide (1.5g) in water (5cm ) was added to  make the reaction 
mixture s l ig h t ly  a lk a l in e .  A fu r th e r  portion o f dimethyl sulphate
q
(6. 0cm ) was added and th is  procedure was repeated u n t i l  a to ta l
3
volume o f 24cm o f dimethyl sulphate had been used. F in a l ly ,  the 
reaction mixture was made s trong ly  a lka lin e  by the add it ion  o f sodium 
hydroxide p e l le ts ,  and was l e f t  to cool. The product was prec ip ita ted
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as pale yellow needles which were f i l t e r e d  a t the pump and recrys­
ta l l is e d  from aqueous alcohol. (9.5g, 63%).
Preparation o f N-methylphenylglycine-o-carboxylic acid (247):
a. N-Methylanthranilic  acid (246) (S.Og) and chloroacetic  acid 
(3.7g) were s t i r r e d  together in  saturated sodium hydrogen carbonate
q
solu tion (40cm ). A c a ta ly t ic  amount o f copper bronze (O.lg) was 
added and the mixture was re fluxed fo r  twenty-four hours. When 
cool, the mixture was f i l t e r e d  to give a green so lu t ion . The pH 
was adjusted to about 3 using hydrochloric acid (36%). The 
so lu tion was then evaporated to  low bulk and when cool the pre­
c ip ita te d  product was f i l t e r e d ,  washed w ith water and dried in a i r .  
R ec rys ta l l isa t ion  from aqueous methanol afforded the t i t l e  compound 
as a l ig h t  tan s o l id .  (3.2g, 46%).
b. N-Methylanthranilic  acid (246) (S.Og) was suspended in water
q
(5cm ) and sodium hydroxide (1.5g) was added. In a separate vessel,
q
chloroacetic acid (3.7g) was dissolved in water (5cm ) and neutra lised 
w ith anhydrous sodium carbonate (2 .0g). The two so lu tions were 
warmed to 40° in a thermostatic water bath, and then qu ick ly  mixed 
and l e f t  to stand fo r  twenty-four hours a t the elevated temperature. 
When coo l, the product was present as a semi so l id  mass which was
q
dissolved in  water (50cm ) containing sodium hydroxide (2 .0g). 
A c id i f ic a t io n  w ith concentrated hydrochloric acid gave the desired 
compound as a buff-co loured p re c ip ita te  which was co llected at 
the pump, washed with ether and allowed to dry in a i r .  (5.7g, 75%). 
I.R. vmax 3300-2400 (0-H,associated) ,1725(CH2C0.OH),1680(ArC0.OH) and 
1600 (Ar)cm” ^
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Preparation o f  l-m e th y lin d o l-3 -o l-a ce ta te  (236):
a. N-Methylphenylg lycine-o-carboxylic acid (247)(5.0g) was heated
q
under re f lu x  w ith  sodium acetate (3.8g) in ace tic  anhydride (75cm ) 
fo r  three hours. A fte r  th is  time excess solvent was evaporated 
under reduced pressure to  leave a brown so lid  which was dissolved 
in methanol and decolourised w ith charcoal. The a lcoho lic  so lu tion 
was then exhaustive ly  extracted w ith  hot petroleum ether (60-80° 
b o i l in g  f r a c t io n ) .  The pe tro l ex trac ts  were combined and reduced 
in volume, then l e f t  to coo l. The indoxyl ester (236) c ry s ta l l is e d  
as yellow prisms (2. 8g, 62%).
b. When the above procedure was repeated using tr ie thy lam ine
q
(lOcm ) instead o f  sodium acetate , the y ie ld  o f 1-methylindo l-3 -o l 
acetate was increased to 3.2g (71%).
N.M.R. sCCDClg) 7.49 (lH,dd,0=2HZ and J=8HZ, H-7),
7.23-6.81 (4H, complex, H-2,H-4,H-5 and H-6 ),
3.54 (3H,s,NCH3), 
and 2.22 (3H,s,C0CH2)ppm,
I.R . vmax 1735 (C=0) and 1220 (C-0) cm” \
U.V. Xmax 223 and 288nm,
M.S. m/e ( r e l . in t .% )  189 (M+,37), 132(100) and 115(23), 
m.p. 58-59° ( l i t . ^ ^ ° 5 9 ° )
Preparation o f  4-cyano-3-e thy lpyrid ine (248):
a. Preparation o f l-am ino-3-e thy lpyr id in ium  mesitylenesulphonate (250)
q
3 -Ethyl pyr id ine  (20g) was dissolved in dichloromethane (45cm ) 
and cooled in  an ice bath. Mesitylenesulphonyl hydroxyl ami ne 
(258) (40 .2g , 1 mole equiva lent) was also dissolved in d ich lo ro -
q
methane (90cm ) and c h i l le d .  The two so lu tions were then qu ick ly  
mixed and s t i r r e d  a t the depressed temperature fo r  t h i r t y  minutes.
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The mixture was then poured in to  ice -co ld  anhydrous d ie thy l ether 
(800cm ) and s t i r re d  fo r  n inety minutes, during which time a pale 
yellow o i l  separated. The ether was decanted and evaporated under 
reduced pressure to y ie ld  more o f the yellow o i l  which was combined 
w ith the f i r s t  batch. (56g, 93%).
b . Preparation o f 3 -e thy lpyr id ine -N -acety lim ide  (251):
l-Am ino-3-ethylpyrid in ium  mesitylenesulphonate (250) (lOg)
3
was dissolved in water (15cm ) and cooled to below 5°. Acetic 
anhydride (30cm ) was then added and the mixture s t i r re d  vigorously 
fo r  ten minutes. A so lu t ion  o f potassium carbonate (80g) in 
water (80cm ) was then added and the reactants thoroughly mixed.
The contents o f  the f la s k  were then f i l t e r e d  and the so lu tion  was 
extracted w ith chloroform (3x50cm ). The extracts  were combined, 
dried over magnesium sulphate, f i l t e r e d  and the solvent removed under 
reduced pressure in a cold water bath to give a yellow o i l  which 
was immediately used in  the next step.
c. Preparation o f l-(N -acety l-N-m ethy lam ino)-3-ethy lpyrid in ium  
iodide (252):
The aforementioned yellow o i l  was added to iodomethane (15cm ) 
and the mixture was re fluxed fo r  f o r t y - f i v e  minutes. A fte r  th is  
time excess iodomethane was evaporated under reduced pressure to 
leave an orange o i l  which could not be induced to  c ry s ta l l is e ,  
e i th e r  by re f r ig e ra t io n  or by scratching. (6.0g,63%).
I.R . vmax 1700 (NCOCH3) cm 'L
d. Preparation o f  l-(N -acety l-N-m ethy lam ino)-4-cyano-l,4- 
d ihydro-3-e thy lp y r id ine :
The methiodide compound (1.9g) was dissolved in water (30cm ) 
and treated w ith  a mixture o f ammonium ch lo ride  (0.7g) and potassium
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q
cyanide (0.6g, 1.5 mole equivalents) dissolved in water (15cm ).
The mixture was added dropwise over a period o f several minutes w ith 
continuous s t i r r in g .  The so lu t ion  was s t i r re d  fo r  a fu r th e r  
hour a t room temperature during which time an orange oil separated out, 
The mixture was extracted w ith  chloroform (5x20cm ) and the combined 
organic extracts  were thoroughly washed w ith  water, dried over 
magnesium sulphate, f i l t e r e d  and evaporated under reduced pressure 
to give an orange o i l . ( 0 .6 g ,  47%). This reaction was repeated a 
number o f times.
I.R . vmax 2225 (C«N) and 1700 (NCOCH,) c in 'L
e. Preparation o f 4-cyano-3-ethylpyrid ine (248):
The d ihydropyrid ine (5g) from the previous reaction was
q
dissolved in ethanol (40cm ) and s t i r re d  under a medium pressure 
u l t r a  v io le t  source fo r  t h i r t y  minutes. The solvent was removed 
under reduced pressure to give an orange o i l  which was chromato­
graphed on a column o f basic alumina using dichloromethane as e luent. 
The f i r s t  f ra c t ions  were combined, dried over magnesium sulphate, 
f i l t e r e d  and the solvent evaporated under reduced pressure to 
give the t i t l e  compound as a colourless o i l .  (2. 6g, 82%).
I.R . vmax 2225 (C=N) cm 'L  
U.V. Xmax 225 and 280nm.
f . Preparation o f 1-amino -3 -e thy lpyrid inium ch loride (265):
3-Ethyl pyrid ine (16g) was added to a fre sh ly  prepared so lu tion
of hydroxylamine-O-sulphonic acid (5.7g, 0.3 mole equivalents) in
q
cold water (30cm ). The mixture was heated at about 90° on a 
steam bath fo r  twenty minutes and then allowed to  cool to room 
temperature w ith s t i r r in g .  Potassium carbonate (6.9g) was added
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and the mixture was f i l t e r e d .  The f i l t r a t e  was thoroughly extracted 
w ith ether (5x25cm ) to remove unreacted 3-ethyl pyr id ine . The aqueous 
layer was evaporated under reduced pressure using a low temperature bath 
(30-40°). Absolute ethanol (170cm^) was added to the residue and 
the re s u lt in g  suspension was f i l t e r e d .  Hydrochloric acid (15cm ,
36%) was cau tious ly  added to  the f i l t r a t e  which changed from deep red . 
to orange in  co lour. The so lu tion  was then evaporated to dryness to 
give the crude ch lo ride  as a green o i l  which c ry s ta l l is e d  on standing 
(5.7g, 59.3%).
g. Reaction between 1-amino -3 -e thy lpyrid inium ch lo ride  (265) and dehydro-
ace tic  acid (266):
The crude ch lo ride  (265) (4.2g) and dehydroacetic acid (266)
(5.1g) were added to hydrochloric acid (15cm ,36%) and the mixture 
was re fluxed fo r  three hours. When coo l, the mixture was s t i r re d  
w ith charcoal ( Ig ) ,  and f i l t e r e d  to give a pale yellow so lu t ion  
which was evaporated to dryness. The product was t r i tu ra te d  with 
dry acetone (4x50cm ) to give the re fined  ch lo r ide  which was dissolved
o
in hydroch loric  acid (10cm , 36%). The so lu t ion  was f i l t e r e d  and 
poured in to  dry acetone (500cm ) whereupon a f in e  p re c ip ita te  was 
formed which was s t i r re d  overn ight. The suspension was f i l t e r e d  at 
the pump and washed with dry acetone to  give 2 ,6-d im ethy l- 1 - (3 -e th y l) 
pyrid in io-4-pyridcne, as the ch lo r ide  hydrochloride (267). A saturated 
so lu t ion  o f  the double s a l t  was prepared in absolute ethanol, and to 
th is  was added te t ra f lu o ro b o r ic  acid (10cm ,40%). The mixture was 
s t i r r e d  fo r  h a l f  an hour and then the corresponding t e t r a f 1uoroborate 
s a l t  (268) was f i l t e r e d  o f f  and washed w ith  a l i t t l e  absolute ethanol 
(3.3g,39%).
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N.M.R. 5(d^-DMS0) 9.64 ( lH .s.H -2)
9.60 ( lH ,d ,J=6HZ,H-6) ,
8.99 (lH,d,J=5HZ,H-4),
8.50 (lH,ra,H-5),
7.04 (2H,s,aromatic pyridone protons), 
2.98 (2H,q,J=7HZ,-CH2-CH3),
2 . 2 2  ( 6 H , s , A r C H 3 ) .................................................
and 1.33 (3H ,t ,^= 7HZ,-CH2-Cjl3)ppm,
I.R . vmax 1630 (C=0)cm ^
Reaction between 2 ,6 -d1 m e thy l- l- (3 -e thy l)  pyr id in io-4-pyridone 
te tra f lu o ro bo ra te  (268) and potassium cyanide:
The pyridone (268) (2 .5g) was dissolved in d i s t i l l e d  water
3 3(28cm ) and a so lu tion  o f  potassium cyanide (0.7g) in water (10cm )
was added in a s ing le portion w ith  s t i r r in g .  Almost immediately a
p re c ip ita te  was formed. S t i r r in g  was continued fo r  f i f te e n  minutes
o
and then the product was extracted w ith chloroform (3x20cm ). The 
combined extracts  were dried over magnesium sulphate, f i l t e r e d  and 
the solvent removed under reduced pressure to give a pale yellow 
o i l  which slowly c ry s ta l l is e d  on standing (1.86g,92%).
Analysis o f  th is  materia l by TLC showed tha t i t  contained 
two major components and i t  was speculated tha t spontaneous d is ­
p roportionation and aromatisation had occurred to  give a mixture of
4-cyano-3-ethylpyrid ine (248) and 2,6-dimethyl-4-pyridone.
N.M.R. SfCDCTg) 8.65 ( lH .s .H -2 ),
8.57 (lH,d,J=5HZ,H-6),
8.50-6.80 (1H,bs,NHl from pyridone),
7.43 (lH,d,J=5HZ,H-5),
6.33 (2H,s,aromatic pyridone protons),
2.89 (2H,q,J=7HZ,-CH2-CH3),
2.39 (6H,s,ArCH3) ,  
and 1.33 (3 H , t ,0=782, - 082- 083) ppm.
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I.R . vmax 2230 (C=N) and 1630 (ArC=0)cm ^
To e f fe c t  separation o f the desired 4-cyano-3-ethylpyrid ine 
(248), the product from the above reaction was d i s t i l l e d  under vacuum 
to give a colourless o i l  (0.64g,66%).




and 1.37 (3H ,t,J=7HZ,-CH2-CH3)ppm,
I.R . vmax 2230 (C=N) and 1590 (Ar) c m ' \
U.V. Xmax 225 and 278nm,
b.p. 100° (12mm Hg).
Preparation o f 4 -a ce ty l-3 -e th y lp y r id in e  (237):
a. From 4-cyano-3-ethylpyrid ine (248) and methyl l i th iu m :
o
The cyanide compound (248)(2g) was dissolved in dry ether (50cm ) 
and added dropwise to  a s t i r r e d  so lu tion  o f methyl l i th iu m  in ether
o
(14cm ,1.38M, 1.2 mole equivalents) a t 0°. A f te r  the completion 
o f  add it ion  the mixture was s t i r re d  fo r  a fu r th e r  hour and then a 
so lu tion  o f  ammonium ch lo ride  (5g) in water (20cm ) was added cautiously 
to decompose the excess organometal1ic  reagent. The mixture was 
extracted w ith chloroform (3x20cm ) and the combined extracts  were 
dried over magnesium sulphate, f i l t e r e d  and the solvent evaporated 
under reduced pressure to  give the desired imine (249) as a colourless 
o i l  (1.5g, 64%).
N.M.R. 6 (00013) 8.47 ( lH .s .H -2 ),
8.43 (lH,d,J=5HZ,H-6),
7.14 (lH,d,J=5HZ,H-5),
3.41 (2H,q,J=7HZ,-0H2- 0H3) ,
2.33 (3H.S.-OH3),  
and 1.24 (3H ,t,J=7HZ,-CH2-CH3)ppm,
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I.R. vmax 3270 (N-H) and 1640 (C=N)cm” \
The imine (249) (1.5g) was dispersed in acetic  acid (20cm^,60%) 
and s t i r re d  fo r  t h i r t y  minutes a t room temperature. The mixture was 
then cooled in an ice bath and made basic w ith sodium carbonate 
before ex trac t ion  with chloroform (3x50cm ). The combined extracts 
were dried over magnesium sulphate, f i l t e r e d  and the solvent removed 
under reduced pressure to give a dark orange o i l .  D is t i l la t io n  o f 
th is  material under vacuum gave the t i t l e  compound as a colourless 
l iq u id  (0.85g,56%).




2.58 ( 3 H , s , - C 0 C H 3 ) ,  
and 1.20 (3H ,t,J=7HZ,-CH2-CH3 )ppm,
I.R. vmax 1700 (C=0)cm” \
U.V. Xmax 225 and 278nm,
M.S. m/e ( re l . in t .% )  149(M+,78) and 134(100),
b.p. 92° (0.3mm Hg).
b. From 3-ethyTpyridine and ace tic  anhydride:
3-EthyTpyridine (20g) was dissolved in  acetic  anhydride (300cm ) 
and the mixture was cooled in  an ic e -s a l t  bath with continuous s t i r r in g ,  
Zinc dust (20g) was added portionwise to the s t i r re d  so lu tion over a 
period o f three hours. The mixture was s t i r re d  a t the depressed 
temperature fo r  several hours and was allowed to warm up to  room 
temperature overnight. The remaining zinc and zinc acetate were 
removed by f i l t r a t i o n  and the excess ace tic  anhydride was evaporated 
under reduced pressure a t 40° to  leave a yellow o i l .  The residual
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o i l  was d i s t i l l e d  under vacuum as a s ing le  f ra c t io n  b o i l in g  at 40°
(0.15 mm Hg).
N.M.R. 6 (00013) 14.20 (IH.s.NH),
8.50 (2H,dd,J=2HZ and J=5HZ, H-2 and H-6) ,
7.63 (lH,dt,J=2HZ and J=8HZ, H-4),
7.27 (lH,dd.0=5HZ, and J=8HZ, H-5),
2.66 (2H,q,J=7HZ,-0H2-CH3) .
2.08 (3H,5 , 00083) 
and 1.24 (3H ,t,J=7HZ,-CH2-CH^)ppm
The o i l  from the above reaction (4.0g) was dissolved in g lac ia l
o
ace tic  acid (40cm ) and the s t i r r e d  mixture was treated dropwise with
o
a so lu t ion  o f  chromium t r io x id e  (0 . 8g) in water ( 10cm ) over a period 
o f f i f t e e n  minutes. The mixture was s t i r r e d  fo r  an hour a t room
o
temperature and then propan-2-o l (10cm ) was added and s t i r r in g  
continued fo r  a fu r th e r  f i f te e n  minutes. The solvents were removed 
a t 35° under vacuum to leave a brown gum which was extracted with
o
saturated sodium hydrogen carbonate so lu tion  (100cm ) and ether
3 3(100cm ). The organic phase was separated, washed w ith brine (50cm )
o
and re -extracted w ith hydrochloric acid (50cm ,1M). The acid
o
layer was washed w ith  ether (2x50cm ) and then made basic w ith so lid  
sodium hydrogen carbonate. The product was then re-extracted with
o
ether (3x50cm ). The ether ex trac ts  were bulked, dried over 
sodium sulphate, f i l t e r e d  and the solvent removed under reduced pressure 
to give a pale yellow o i l .  Spectroscopic analysis o f th is  material 
showed i t  to be unreacted 3-ethyl pyr id ine .
^8 N.M.R. 6 (68613) 8.35 (28,dd,J=28Z and J=58Z, 8-2 and 8- 6 ) ,
7.50 (18,dt,J=28Z and J=88Z,8-4),
7.16 (18,dd,J=58Z and J=88Z,8-5),
2.63 (28,q,0=78Z,- 682- 683) ,  
and 1.25 (3H ,t,^=7HZ,-CH2-C ]^) ppm.
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Preparation o f ethylacetim idate hydrochloride (254):
3 3Dry a c e to n i t r i le  (79cm , 106g), absolute ethanol (119cm , 1 mole
equivalent) and anhydrous ether (170cm ,0.5mole equivalents) were
s t i r re d  together in  an ic e -s a l t  bath while dry hydrogen ch loride gas
was bubbled through the mixture over a period o f  about fou r hours.
A fte r  one molecular equivalent o f hydrogen ch lo ride  had been absorbed,
corresponding to a weight increase o f 94g, the mixture was l e f t  to
stand u n t i l  c r y s ta l l is a t io n  occurred. The remaining solvent was
decanted and evaporated to dryness, g iv ing an add itiona l crop o f
white c rys ta ls  which was combined w ith the re s t .  The product was
co llec ted  a t the pump, washed with anhydrous ether and dried over
potassium hydroxide and phosphorus pentoxide in a vacuum desiccator
(262g,82%).
N.M.R. 5(d®-DMS0) 11.50 (2H,bs *NH2) ,
4.42 (2H,q,J=7HZ,-CH2-CH3),
2.31 (3H.S.-CH3) .  
and 1.20 (3H,t,J=7HZ,-CH2-CH3)ppm,
I.R . vmax 1640 (C=NH) c m ' \
m.p. 300°
Preparation o f 1-ethoxy-l-oximidoetha.ne (255):
Ethyl acetimidate hydrochloride (254)(50g) was added portionwise 
to a so lu tion  o f potassium carbonate (112g,2 mole equivalents) in 
water (250cm ) c h i l le d  in an ice bath. The mixture was then 
v igorously s t i r re d  fo r  f i f te e n  minutes a t room temperature, during 
which time a c lea r colourless o i l  separated out. The aqueous phase
was removed and extracted w ith ether (3x100cm ). The combined
extracts  and the product layer were then cooled in  an ic e -s a l t  
bath while a so lu tion  o f hydroxylamine hydrochloride (30g,1.25 mole
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3
equivalents) in water (125cm ) was qu ick ly  added. The mixture was 
s t i r re d  v igorously fo r  h a l f  an hour and then the ether layer was 
separated. The aqueous phase was extracted w ith ether (4x100cm ) 
and the combined ether portions were dried over sodium sulphate.
The so lu tion  was f i l t e r e d  and the solvent removed under reduced 
pressure to give the product as a colourless o i l .  On cooling the 
o i l ,  long white needles were obtained (30.6g,73%).
I.R. vmax 3600-3200 (0-H, associated), 1665(C=N) and 1300 (0-H, 
deformation)cm \  
m.p. 19°.
Preparation o f mesitylenesulphonyl ch lo ride  (256):
3
Chlorosulphonic acid (167cm , 3 mole equivalents) was cooled in 
an ice bath and mesitylene (116 cm , 1 mole equivalent) was added 
dropwise over a period o f three hours with s t i r r in g .  A fte r  the 
completion o f the add ition  the mixture was s t i r re d  fo r  a fu r th e r  
hour a t room temperature, and then poured onto crushed ice . The 
semi-solid compound was extracted w ith tetrachloromethane (500cm ) ,  
washed w ith sodium carbonate so lu t ion  (3x200cm , 2N) and dried over 
magnesium sulphate. The so lu t ion  was f i l t e r e d  and the solvent 
evaporated under reduced pressure to give an o i l  which slowly crys­
ta l l is e d  on standing. R e c rys ta l l isa t io n  from 40-60° b o i l in g  f ra c t io n  
petroleum ether gave the t i t l e  compound as white prisms (169.4g,
93%).
I.R. vmax 1600,1580(Ar), 1360(502), 1180 and 1170 (S02)cm"\
ni.p. 50-52°
Preparation o f ethyT-O-(mesitylenesulphonyl) acetohydroxamate (257):
1-Ethoxy-l-oximidoethane (255) (20g) was dissolved in  N,N-dimethyl
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3 3formamide (100cm ) and tr ie thy lam ine  (30cm , 1.1 mole equivalents)
and the mixture was immersed in a bath o f cold water. Mesitylene­
sulphonyl ch loride (256) (42.4g, 1 mole equivalent) was then added 
portionwise to the s t i r re d  mixture over a period o f fo r ty - f iv e  
minutes. The mixture was s t i r re d  fo r  an add it iona l hour a f te r  the 
completion o f the a d d it io n , and was then poured onto crushed ice (500g) 
On standing fo r  a few minutes, a pale straw-coloured so lid  was 
p rec ip ita ted  which was co llec ted  a t the pump,washed with 60-80° 
b o i l in g  f ra c t io n  petroleum ether and sucked dry. The product was 
stored in the re f r ig e ra to r  u n t i l  required to prevent hydrolysis to 
ethyl acetate (44.2g, 79%).
I.R. vmax 1645 (C=N), 1360 (SO2O, asy.) and 1180 (S020,sy.)cm "\ 
m.p. 48-50° dec.
Mesitylenesulphonyl hydroxylamine (258):
The precursor (257) (20g) was added to perch lo ric  acid (70cm ,
60%) and the mixture warmed to  35° fo r  two minutes to i n i t i a t e  
reaction . The mixture was then s t i r re d  fo r  twenty minutes a t room 
temperature, during which time a l l  o f  the s o l id  material dissolved 
to give a brown so lu t ion . This was poured in to  iced water (800cm ) 
and a white so lid  p rec ip ita ted  which was allowed to stand fo r  f iv e  
minutes. The so lid  was qu ick ly  f i l t e r e d ,  washed w ith a c h i l le d  
so lu tion o f sodium hydrogen carbonate (125cm ,1M) and then washed
3
again w ith  iced water (200cm ). The so l id  was dissolved in ether
and dried over sodium sulphate. The so lu tion  was f i l t e r e d  and the
solvent was removed under reduced pressure in  a cold water bath to 
prevent thermal decomposition. The product was obtained as a 
white so l id  which was stored in the re f r ig e ra to r  u n t i l  required 
(12.1g,92%).
I.R . vmax 3270 and 3230 (NH2) ,  1365 and 1170 (SC^Ojcm'^
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Preparation o f 2 -m e thy l-3 -n itroan i1ine (272):
3
Powdered 2 ,6 -d in itro to luen e  (25g) was placed in a 1dm round-
3
bottom, three-neck f la s k ,  together w ith  d i s t i l l e d  water (100cm ) and 
the mixture was heated almost to b o i l in g  w ith  continuous s t i r r in g .  
Sodium sulphide (40g) and powdered sulphur (lOg) were dissolved in 
water (150cm ) w ith warming to give a red-brown so lu tion  o f sodium 
polysulphide which was added dropwise to the vigorously s t i r re d  
reaction mixture over a period o f about f o r t y - f i v e  minutes. Heating 
was maintained fo r  a fu r th e r  twenty minutes, and then the reaction 
mixture was allowed to  cool before f i l t e r i n g  a t the pump. The
so lid  residue was washed w ith a l i t t l e  cold water and then transferred
3 3to a 600cm beaker containing water (150cm ) and hydrochloric acid
(35cm ,36%). The mixture was brought to  b o i l in g  fo r  f i f te e n  minutes,
during which time the amine disso lved, leaving sulphur and unchanged
2 ,6 -d in itro to lu e n e  as suspended s o l id s .  The mixture was f i l t e r e d
and the f i l t r a t e  treated w ith concentrated ammonia so lu tion  to give
the product as a b r ig h t yellow p re c ip ita te  which was co llected at
the pump. A second crop was obtained by repeating the ex trac tion
procedure on the sulphurous residue. R e c rys ta l l isa t io n  from ethanol
gave the t i t l e  compound as yellow needles (14 .2g, 68%).
N.M.R. ôfCDClg) 7.20-6.66 (3H, complex, H-3,H-4 and H-5),
3.83 (2H,bs,-NH2) ,  
and 2.14 (3H,s,-CH3 )ppm,
I.R . vmax 3400, 3320 (N-H), 3200 (N-H) and 1600 (Ar)cm‘ \
U.V. Xmax 208,239 and 292 (sh)nm,
m.p. 84°
Preparation o f 2-hydroxy-6-n itro to luene (273):
2-Amino-6-nitrotoluene (272)(18g), concentrated sulphuric acid
3 3 3
(30cm ) and water (50cm ) were brought to b o i l in g  in  a 600cm beaker.
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The re su lt in g  so lu tion  was ra p id ly  c h i l le d  which p rec ip ita ted  the 
amine as a f in e ly  divided suspension. Crushed ice (50g) was added to 
the mixture which was cooled in an ic e -s a l t  bath. A so lu tion  of
o
sodium n i t r i t e  (7.5g) in water (20cm ) was added slowly to the s t i r re d  
mixture over a period o f  one hour. S t i r r in g  was continued fo r  a 
fu r th e r  hour a t the depressed temperature and then urea (lOg) was 
added to  decompose excess sodium n i t r i t e .  Ttie mixture was f i l t e r e d
and the f i l t r a t e  added slowly to a b o i l in g  so lu tion  o f concentrated
3 3sulphuric  acid (70cm ) and water (50cm ). A f te r  addition was
complete the mixture was s t i r re d  a t re f lu x  temperature fo r  three 
hours, and then allowed to cool. The product p rec ip ita ted  out 
as yellow  needles which were co llec ted  a t the pump, washed with a 
l i t t l e  60-80 b o i l in g  f ra c t io n  petroleum ether and dried in a desic­
cator over phosphorus pentoxide (12 .9g, 71%).
N.M.R. 6(d®-DMS0) 7.45-7.11 (3H,complex, H-3,H-4 and H-5),
6.60-5.10 (lH,bs,-OH), 
and 2.23 (3H,s,-C]l3 ) ppm,
I.R . vmax 3400 (b,0-H) and 1600 (Ar)cm ^
U.V. Xmax 220,244,273 and 335nm, 
m.p.
Preparation o f  2-benzyloxy-6-n it ro to lu e n e  (274):
A so lu t ion  o f 2-hydroxy-6-n itro to luene (273) (20g) in ethanol
o
(120cm ) was added to a so lu tion  o f  sodium hydroxide (5.5g) in
o
water (40cm ). Benzyl ch lo ride  (15 .5g) was added and the mixture 
was allowed to re f lu x  gently overnight fo r  sixteen hours. The 
solvent was evaporated under reduced pressure to give an o i l  which 
s o l id i f ie d  on standing. The product was re c ry s ta l l is e d  from a 
1:1 mixture o f  benzene and 80-100° b o i l in g  f ra c t io n  petroleum ether 
(24g,76%).
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 ̂ H N.M.R. 6 ( 00013) 7.41 (5H.S.H-2' to  H-6 ' in c lu s iv e ) ,
7.33-6.97 (3H,complex, H-3, H-4 and H-5),
5.09 (2H,s,-CH2-), 
and 2.37 (3H,s,-CH3) ppm,
I.R. vmax 1600 (Ar)cm’ \
U.V. Xmax 219, 243, 273 and 335nm,
M.S. m/e ( r e l . in t .% )  243(M+), 136(100), 108(35) and 77(81), 
m.p. 48-52°
Attempted preparation o f  2-benzyloxy-6-nitrobenzaldiaCetate (275):
3 3Glacia l ace tic  acid (130cm ) ,  ace tic  anhydride (130cm ) and
2-benzyloxy-6-n it ro to lu e n e  (274)(20g) were s t i r re d  together in  a
c h i l le d  vessel. Concentrated su lphuric  acid (20cm ) was added
slowly to  the m ixture, ensuring tha t there was no sudden increase
in temperature. When the mixture had cooled to  below 5°, chromium
tr io x id e  (23g) was added in small portions over a period o f ninety
minutes, taking care tha t the temperature did not exceed 10°.
A fte r  completion o f the addition s t i r r in g  was continued fo r  a
fu r th e r  f i f t e e n  minutes and then the contents o f  the f la s k  were
poured onto crushed ice (500g) and the mixture was d i lu te d  to about
3
1300cm w ith  c h i l le d  water. The mixture was then f i l t e r e d  through 
a glass s in te r ,  but no so lid  remained. A po rt ion  o f  the green 
aqueous phase was extracted w ith chloroform, and the combined 
extracts  were dried over magnesium sulphate, f i l t e r e d  and the 
solvent removed under reduced pressure to give an orange o i l  which 
could not be characterised.
Attempted preparation o f 2 ,6 -d in itrobenza ld iace ta te :
3
1. Powered 2 ,6 -d in itro to luen e  (3 .6g), g la c ia l ace tic  acid (33cm )
3
and ace tic  anhydride (33cm ) were s t i r re d  together and cooled in an
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3
ic e -s a l t  bath. Concentrated sulphuric acid (4cm ) was added drop- 
wise to avoid charring and the mixture was cooled to below 5°.
Chromium t r io x id e  (5.7g) was added in small portions over a period 
o f one hour, and a t a l l  times the temperature was maintained below 
10°. S t i r r in g  was continued fo r  a fu r th e r  t h i r t y  minutes a f te r  
the add it ion  was complete and then the contents o f the f la sk  were 
poured onto crushed ice (lOOg). Cold water was added to make the
3
to ta l  volume o f the mixture up to 350cm . The so lid  was separated by 
suction f i l t r a t i o n  and washed w ith  cold water u n t i l  the washings were 
co lourless.
The product was suspended in cold sodium carbonate so lu tion  
(30cm^, 2%) and s t i r r e d .  A fte r  thorough mixing, the so l id  was 
co llec ted  a t the pump and washed w ith cold water and a l i t t l e  cold 
alcohol (2.9g, 80%).
Analysis o f  th is  material by TLC showed i t  to be unchanged 
s ta r t in g  m a te r ia l,  a re s u lt  which was confirmed by i t s  in f ra  red 
spectrum which could be superimposed upon th a t o f unreacted 2 ,6- 
d in it ro to lu e n e .
2. When chromium t r io x id e  was added to  the reaction mixture a t 
room temperature the same re s u l t  was achieved.
Preparation o f benzyl-tri-ji-butylammonium bromide:
3
Freshly dh 's t i l led  tr i-n -bu ty lam in e  (48cm ) was added to benzyl
3 3bromide (38cm ) and dry a c e to n i t r i le  (60cm ). The mixture was
gently re fluxed fo r  one week and then l e f t  to  coo l, re su lt in g  in
a deep brown coloured so lu t io n . Most o f the a c e to n i t r i le  was
evaporated under reduced pressure and a pale brown p re c ip ita te  was
obtained. Anhydrous ether (50cm ) was added to p re c ip ita te  more o f
the s o l id  which was co llec ted  by suction f i l t r a t i o n .  R ecrys ta l l isa t ion
2U3
from ethyl acetate containing a l i t t l e  ethanol yielded the product 
as large colourless prisms (60g,82%).
Preparation o f  2-methoxy-6-nitrotoluene (278):
2-Hydroxy-6-n itroto luene (273)(3.1g, 0.02 mole) was dissolved
3 3in dichloromethane ( 100cm ) and dimethyl sulphate (5cm , 0.05,mole)
was added. Sodium hydroxide (1.2g, 0.03 mole) and b e n z y l- t r i -n -
butylammonium bromide (0.7g, 0.002 mole) were dissolved in  cold
o
water (100cm ) and the two so lu tions were combined. The mixture 
was then shaken overnight a t room temperature. The organic layer 
was separated and the aqueous phase was extracted w ith dichloromethane
o
(2x50cm ). The combined organic extracts were evaporated under
o
reduced pressure and the residue was mixed with water (50cm ) and 
exhaustively extracted w ith  30-40° b o i l in g  f ra c t io n  petroleum 
ether. The organic e x trac t was then washed w ith d i lu te  ammonia
o
so lu tion  ( 100cm ) to  remove excess dimethyl sulphate, followed by
o
sodium hydroxide so lu t ion  (100cm , 2M) to remove unreacted phenol. 
A fte r  drying over magnesium sulphate and f i l t r a t i o n ,  the solvent 
was evaporated under reduced pressure to give the methyl ether 
(271) as pale yellow needles (3.1g,93%).
N.M.R. 6(d^-DMS0) 7.60-7.24 (3H, complex,H-3,H-4 and H-5),
4.03 (3H,s,-0-CH3) 
and 2.39 (3H,s,-CH3 )ppm,
I.R . vmax 1600 (Ar) cm” \
U.V. Xmax 219, 244, 270 and 330nm,
m.p. 48-51° ( l i t .T 3 2  51-53°).
Preparation o f 2-methoxy-6-nitrobenzaldiacetate (279):
2-Methoxy-6-nitrotoluene (278)(3.34g, 0.02 mole), g lac ia l
3 3acetic  acid (33cm , 0.6 mole) and acetic  anhydride (33cm ,0.25 mole)
ZU4
were cooled and thoroughly mixed together in  an ic e -s a l t  bath.
o
Concentrated su lphuric  acid (4cm ) was added cautiously to the 
s t i r re d  mixture to avoid charring. When the temperature had returned 
to 0°, chromium t r io x id e  (5.7g, 0.057 mole) was added portionwise 
over a period o f  t h i r t y  minutes, ensuring tha t the temperature did 
not exceed 10°. A fte r  the completion o f  the ad d it ion , s t i r r in g  
was continued fo r  a fu r th e r  t h i r t y  minutes, and then the contents
o
o f the f la sk  were poured onto crushed ice (150cm ). Cold water
3
was added so tha t the to ta l  volume was approximately 350cm . The 
resu lt ing  so l id  was separated by suction f i l t r a t i o n  and washed with 
copious quan t it ies  o f cold water u n t i l  the washings were colourless. 
The product was suspended in sodium carbonate so lu tion  (30cm , 2%) and 
s t i r re d  thoroughly. The so lid  was then co llec ted a t the pump, 
washed with cold water and ice-co ld  ethanol (2cm ) and sucked dry. 
R ecrys ta ll isa t ion  from ethanol gave the product as orange prisms 
(0.7g,12.5%).
N.M.R. GfCDClg) 8.14 (lH ,s,A r-CH-(0C0CH3)2),
7.66-7.00 (3H, complex, H-3, H-4 and H-5),
3.94 (3H,s,-0-CH^) 
and 2.08 (6H,s,-C0CHj)ppm,
I.R. vmax 1760 (C=0)and 1600 (Ar)cm’ ^
Preparation o f  2-methoxy-6-nitrobenzaldehyde (280):
2-Methoxy-6-nitrobenzaldiacetate (279)(0.7g) was dissolved in  a
3 3 3
mixture o f ethanol (10cm ) and water (10cm ) in  a 50cm round bottom 
f la sk .  Concentrated sulphuric acid (2cm ) was added and the mixture 
was refluxed fo r  about t h i r t y  minutes. The cooled reaction mixture 
was f i l t e r e d  through a f lu te d  f i l t e r  paper to  remove insoluble 
im purit ies and the f i l t r a t e  was c h i l le d  in  an ice bath to p re c ip ita te  
the product. The c rys ta ls  were separated by suction f i l t r a t i o n .
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washed with cold water and dried in  a vacuum desiccator. A second 
crop o f c rys ta ls  was obtained by fu r th e r  d i lu t in g  the f i l t r a t e  w ith  
cold water (0.45g, 63%).
N.M.R. 6 (00013) 10.44 (lH,s,-OHO),
7.80-7.18 (3H,complex, H-3, H-4 and H-5), 
and 4.01 (3H,s,-OC^^)ppm,
I.R. vmax 1710 (C=0) and 1600 (Ar) cm” ^
Preparation o f 2-methoxy-6-nitrobenzoic acid (285):
1. From 2-methoxy-6-nitrotoluene (278) and potassium dichromate: 
2-Methoxy-6-nitrotoluene (278) (5g) and potassium dichromate
o
(22g) were suspended in water (50cm ) and the mixture was s t i r re d
0
thoroughly. Concentrated sulphuric acid (35cm ) was added dropwise 
with s t i r r in g  and the reaction was in i t ia t e d  w ith  s l ig h t  warming 
u n t i l  the so lu tion  began to show a green co loura tion . When the 
heat o f  reaction had subsided a f te r  aboutÿan hour, the mixture was 
brought slowly to the bo il and re fluxed gently  fo r  h a l f  an hour.
The mixture was allowed to cool and water (150cm ) was added w ith 
s t i r r in g .  The p rec ip ita ted  product was f i l t e r e d  o f f  and i n i t i a l  
inves tiga tion  o f the crude materia l by TLC showed tha t i t  was 
unreacted s ta r t in g  m a te ria l.  I t  was inso lub le  in sodium carbonate 
so lu t ion , even on warming, which suggested th a t  there was no 
carboxylic acid group present.
When th is  reaction was repeated and the period o f re f lu x  
was extended to some s ix ty  hours, unchanged s ta r t in g  material was 
again returned.
2. From 2-methoxy-6-nitrotoluene (278) and potassium permanganate: 
2-Methoxy-6-nitrotoluene (278)(lOg) and potassium permanganate 
(15g) were suspended in  water (250cm ) and the s t i r re d  mixture was 
refluxed gently u n t i l  the colour o f  the permanganate had almost
YUF
disappeared. At th is  po in t a second portion  o f permanganate 
(7.5g) was added and heating continued fo r  a fu r th e r  two hours.
F in a l ly ,  a th i r d  portion  o f  permanganate (7.5g) was added and heating 
was maintained u n t i l  i t s  colour had been discharged. A fte r  th is  time 
the reaction mixture was allowed to  cool and was then separated 
from the p rec ip ita ted  manganese dioxide by suction f i l t r a t i o n .
Unreacted s ta r t in g  material was extracted from the reaction mixture
o
with 30-40° b o i l in g  f ra c t io n  petroleum ether (3x100cm ) and then
3
the aqueous phase was concentrated to about 150cm by evaporation under 
reduced pressure. The acid (285) was p rec ip ita ted  by the addition 
o f hydrochloric acid (15cm , 36%) w ith  continuous s t i r r in g .  When 
the mixture had cooled the so lid  was co llec ted  a t the pump, washed 
with cold water and allowed to dry in a i r .  R ecrys ta l l isa t ion  from 
aqueous ethanol afforded 2-methoxy-6-nitrobenzoic acid (285) as pale 
yellow needles (3.1g,27%). Recovery o f 2-methoxy-6-nitrotoluene 
was 4.7g (47%).
N.M.R. 5(00^00) 7.76-7.35 (3H, complex, H-3, H-4 and H-5),
and 3.93 (3H,s,-0Cjlg) ppm,
I.R. Vmax 3300-2500 ( 0-H, associated), 1710 (C=0) and 1600 (Ar)cm” \
U.V. Xmax 217,235(sh), 272 and 333nm,
m.p. 55°.
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